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NOTICE. 



The Memoir upon the Geological Structure of North Wales 
which 18 now published is^ I consider, the most important work 
which has been issued by the Geological Survey during the ten 
years that have elapsed since I became Director. 

Without this work our acquaintance with the details of the 
classification of the Lower Palaeozoic Rocks would have been 
incomplete. As the author of the Silurian system, I beg further 
to express my sincere admiration of those successful labours by 
which Professor Ramsay and his associates carried out, over a 
very rugged, mountainous, and complicated region, the clearest 
proofs of the many great folds and dislocations which the Silurian 
strata have undergone, as well as for the great ability displayed 
in the delineation of all the various rocks of igneous origin. 

By these researches the relative ages of the great dislocations 
were fixed. 

The maps and sections of North Wales, in the preparation of 
which the labours of Ramsay, Jukes, Aveline, and Selwyn were 
united with those of my eminent predecessor. Sir Henry De le 
Beche, have now not only obtained a full description, but all the 
chamcteristic fossils, from the very lowest of the Silurian strata 
or the base of the Lingula Flags, are clearly described by our late 
Palflsontologist, Mr. Salter. 

I have, therefore, no doubt that this publication will give 
satisfaction to foreign as well as native geologista 

RODERICK L MURCHISON, 

Director^ GeneraL 
Geologieal Surrej Office. 
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PREFACE. 



The publication of this Memoir has been delayed conaideiably 
bqrond the time when it was expected to appear^ owing partly to 
the nnmerons occupations that fall to the lot of one who directs 
all the field work of the Survey, who edits its Geol(^ical Memoirs, 
and who^ up to this time^ has had to superintend the details of 
the publication of the numerous maps and sections issued. When 
in the middle of the composition of the work a serious illness, 
now removed, also for a time prevented the author carrying on 
any arduous literary and scientific labour. 

The plan of the book is to give, first, a general sketch of 
the Creology of Wales, and then such a detailed description of 
Silurian rocks of North Wales, that any one may ascertain the 
str uc tu re of any minor area in which he may be interested. 
An indez-miq> and many diagrams accompany the Memoir, 
but the special knowledge sought to be communicated can only 
be mastered in many cases by reference to the larger maps of the 
Geological Survey, published in sheets, on a scale of one inch 
to a mile, and to the sections, on a scale of six inches to a mile, 
which illustrate them. Nevertheless, for general purposes, the 
main geological features of North Wales may be understood by 
help of the index-map and diagrams that accompany this Memoir; 
and, indeed, by merely reading those parts that are printed in 
laige type all the chief facts connected with the subject may 
be made out It is evident that such a book would be incomplete 
without the Appendix on the Fossils, which has been prepared by 
Mr. Salter with that accurate knowledge of Silurian forms for 
which he is distinguished. Though such a work has nothing of a 
popular character in it, and makes very dry reading, yet it is 
likely not to be without u^e to those who, led by business or 
scientific pursuits, may feel it necessary to master the geological 
structure of North Wales. 

ANDEEW C. EAMSAY. 

Ctoriogicsl Survey Ofioe^ 
HofreDBbcr 1S65. 
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THE GEOLOGY OF NORTH WALES. 



CHAPTER I. 

Ths Nombnci«ature of the Silubian akd Cambbiak 

Sebie& 

The following oolmnn, showing the order of snccemon of the 
Silurian and Cambrian etrata of England and Wales, is in its 
great, and in most of its smaller, divisions identical with those 
published in 1839 by Sir Boderick Murchison in the Silubian 
Ststeil The chief differences consist in additions to our know- 
ledge due either to the discovery since that period of new and 
subordinate divisions, or to the better understanding of the precise 
stratigraphical relations of members of the series. 

With the exception of the Tremadoc slate, the divisions indicated 
in the column were all sanctioned by the late Sir Henry de la 
Beche daring the progress of the survey ; and all the modifications 
have been recognized by Sir Boderick Murchison in the last 
edition of ** Siluria." 

The thin dividing lines indicate that there is no marked strati- 
graphical break between the formations, and the thicker lines are 
intraded to indicate the relative importance of the pakeontolc^cal 
and stratigraphical breaks (unconformity) between the different 
members of tne seriea Where a dotted line occurs it implies that 
no geological line of division for these formations has been drawn 
on the maps. For lithological reasons that will appear further on, 
it never occurred to any one while the Survey of Wales was in 
prepress to attempt to separate the Lingnla and Tremadoc beds 
from each other, or from the overlying Llandeilo and Bala beds ; 
but with increased knowledge and experience it might possibly now 
be done. 

In no single area is the series quite complete ; and in the form 
in which it stands in the colunm it has been built up from several 
districts and by several hands. 

5S4S. A 



THE GEOLOGY OP NORTH WALES. 



=3 , 

I 



[ 



Si 
I 



OldFd Sandstone. 

Tilestone 

and 
Upper Ladlow rocks 

Ajrmestry limeBtone 

Lower lAidlow rocks 

* 
Wenlock UmeBtone 

Wenlock shaJe 

Woolhope Umestone and shaJe 

Denbighshire sandstone, shale, and slate . 

Tsranaon shale 

Upper LlandoTBiy beds « 

Lower Llandovery beds 

Himant limeatone 

Caradoc 

Bahi limestone 

Ouidoc 

LlandeiJb 

Tramadoo ahito. 
I^nipila beds. 
Cambrian grit and slate. 



» Ludlow Series. 



^Wenlock Series. 



(Llandovery rocks. In< 
termediate Series. 



i 



Oarsdoc or fiala 

and 
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I shall now endeayour to give a brief history of the discoyery of 
the different members of the series^ the names that were ^yen thern^ 
and the progress of those obseryations that extended oyer more 
than 20 years, and resulted at length in establishing their precise 
relations to each other. Each geologist in turn found it needful to 
modify his original yiews more or less, partly from the occasional 
excessiye difficulty of understanding the arrangement of the rocks 
of some special district, partly from the local absence of one or 
more members of the series, without any yisible unconformity to 
suggest it. Differences of opinion sdll ezbt, but chiefly respecting 
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nameB and dassificaiioii^ and though these may be mtei^Bti^g to 
individoalBy they neither affect the order of stratification nor the 
palsontological facts, both of which can be readily understood by 
whateyer names the strata are called* Minor points will continue 
to be discussed, while new fossils and new fossiliferous areas 
continue to be discovered. In Wales, as long as it is possible to 
refine in geolc^cal mapping, especially on the broad hills of 
Caermarthenshire and Cardiganshire, improyements in detail 
may be made, and it may be possible to diyide the strata of that 
area into Lower Llandovery and Caradoc or Bala beds. 

The micaceous sandstone called Telestonb in Caermarthen- 
sinre and Breconshire was described by Sir Roderick Murchison 
in a paper communicated to the Geological Sodety in 1833 (Proc 
GeoL Soa, voL L, p. 473), and afterwiurds in the '^ Silurian 
System/' published in 1839. It was then considered as fonning 
the ba^e of the Old Bed Sandstone. In 1842 it was mapped by 
Mr. T. E. James, under the superintendence of Professor Phillips, 
and referred by the latter and Sir Henry de la Beche to the top 
of the Ludlow rocks, witli which its numerous fossils unite it It 
has been allowed to remain there, though in Herefordshire and 
Shropshire there are symptoms of strata occupying the same 
position passing gradually into the Old Bed Sandstone. 

The LiUDix>w Bocks, the Atmestbt Limestone, and the 
Wenlock LiMESTGsrs and Shai^e were partly described in 
Shropshire and Herefordshire by Sir Boderick Murchison in the 
Memoir of 1833, and subsequently elaborated in the *' Silurian 
System." The position assigned to these formations and the 
names then given them, have been universally accepted in British 
geology, and their equivalents have been described in many other 
regions. 

The Woolhope Limestone and Shale were at that period 
(1839) identified with the HoUiet Kmestone, and called the 
Caradoe or Woolhope limestone and shale. The Hollies and the 
Woolhope limestone have, however, since been proved to be on 
di ffe rent horizons; and the latter, being simply a subordinate part 
of the Wenlock series, was included in it by Sir Henry de la 
Beche and Professor Phillips in 1843, and published in that form 
shortly after in the maps and sections of the Geological Survey, 
and alao in Professor Phillips' work on ^ The Malvern Hills," &c., 
published in 1848 in the '' Memoirs of the Geological Survey of 
Great Britain," and this view Sir Boderick Murchison also adopted. 

The Dehbighshibs Samdstokes were first described by 
Mr. Bowman, in 1841, as *' coarse slates and fiags with large 
Orthooera,"' and included by him as a subordinate part of the 
Upper Silurian rocka* Li 1842 Mr. Daniel Sharpe noticed these 
grits at MaUwyd, and described them as part of the Wenlock 



* Bcporta, Britkh AModation, 1841. 
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series.* They were afterwards, in 1843, described by Professor 
Sedgwick,t and correctly stated to form a base to the Denbighshire 
flagstones, which he identified with the Upper Silurian rocks, their 
lower part being therefore the equivalent of the Wenlock shale. 

In 1845 they were begun to be mapped by the Geological 
'Survey, and lying beneath the commonly recognized Wenlock 
shale^ they were for a time erroneously believed to be the western 
representatives of the Caradoc Sandstone of Shropshire and 
the ^* Pentamerus beds^'' then classed by every one as part of that 
series. 

The Tarannon Shales underlie the Denbighshire Sandstones, 
and by the Geological Survey were first considered to form the 
uppermost part of the Bala beds, but when the maps were nearly 
completed, Mr. Aveline began to suspect that they belonged rather 
to the Denbighshire Sandstone series, a suspicion entertained by 
Mr. Jukes before ; and I believe at a much earlier date Professor 
Sedgwick had mentioned them as pale-coloured earthy slates or 
'^ paste rock.'' In 1855 I considered it necessary to define pre- 
cisely the base of the Wenlock shale in the western parts of South 
Wales, a work that no one had previously accurately accomplished; 
and in accordance with the instructions of Sir Henry de la Beche, 
Mr. Aveline commenced the work. During its progress he 
detected the "pale" or Tarannon shales overlying the Upper 
Pentamerus or Llandovery beds near Builth ; and as they else- 
where underlie the Denbighshire Sundstones, it became evident 
that these shales are on a higher horizon than the Upper Llan- 
dovery or Pentamerus beds of Shropshire, whicH are the equiva- 
lents of those of Builth. 

The Upper Llandovery Beds, first called Pentamerus 
beds and Hollies limestone (= upper part of May Hill 
Sandstone) were originally considered as the highest beds of 
the Caradoc Sandstone, and conformable with it. In first 
editions of the Maps and Sections the Geological Survey taking 
this view, overlooked these rocks in the country between Wen- 
lock edge and Caer Caradoc, and the strip of Pentamerus 
limestone and conglomerate that laps round the Longmynds 
and the overlying Llandeilo fiags, was considered as part of 
the true Caradoc Sandstone. The May Hill rocks were also 
thought to form part of that formation. In the Geological 
Journal for 1852, Professor Sedgwick and Mr. McCoy partly 
corrected these errors by showing that the fossils of the May Hill 
series were, to a great extent, distinct from those of the Caradoc 
Sandstone, and that they possessed more of an Upper than of a 
Lower Silurian character. Profiting by this hint, the Geological 
Survey re-examined the Shropshire rocks, and \t was found by 
Mr. Aveline, and corroborated by myself, that the Upper Penta- 



♦ Proc. Geol. Soc., vol. iv., p. 12. 
t l*roc. Geol. Soc., voL iv., p. 18. 
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merus beds lie quite unconfarmably on the trae Caradoc Sand- 
6tone» while Mr. Salter showed that the latter is by its fossils the 
precise equivalent of the Bala beds of North Wales. The fossils 
of these Pentaroeras beds were also found to agree with those of 
Maj Hill^ and the equivalents of the Tarannon shale were found 
to overlie them in Shropshire. The whole seemed to pass nearly 
conformably under the Wenlock shale. In 1854 Professor Sedg- 
wick corroborated these views.* Physically the break between 
the Upper Llandovery beds and the Silurian strata below is 
complete. In Shropshire the unconformity \% visible. The Upper 
Llandovery beds on the banks of the Onny lie on the higher 
part of the Caradoc Sandstone (= Bala beds), and as they strike 
northward gradually overlap the higher strata, till, on the banks of 
the Severn, near Buildwas Abbey, they rest on the lower beds 
of the same formation. A few miles from Wenlock edge they lie 
on the nearly vertical edges of the Cambrian or Longmynd rocks, 
and also on Lingula and Landeilo flags, between Church Stretton 
and Chirbury. In South Wales, between Builth and Newbridge, 
they lie equally unconformably on the Llandeilo flags, but 14 miles 
off at Noeth Grug they rest on the Lower Llandovery beds (which 
are higher than any part of the Caradoc Sandstone of Shropshire) ; 
but again, they rapidly creep across these to the south-west, and 
in the river Sawdde the Upper Llandovery beds lie directly on 
the Llandeilo flags. There is no unconformity so complete as 
this yet observed in other members of the British Silurian strata 
from the Llandeilo flags upward. 

The Lower Llakdoyeby Beds at Noeth Grrug, near Llan- 
dovery, underlie the Upper Llandovery formation. In mineral 
character they so strongly resemble each other that np to 1856 
no geolo^t distinguished between them, and when in that year it 
was found that in neighbouring districts only the uppermost of 
the Noeth Grug beds existed (Upper Llandovery or Pentamerus 
beds), it was then clearly necessary to attempt the task of separa- 
tion. While engaged on this work Mr. Aveline found it Utho- 
logically a wok of considerable difliculty. Nevertheless this 
difficulty soon ceased in consequence of the rapid overlapping of 
the Lower by the Upper Llandovery beds, so that the apparent 
local conformity may be acddental. 

The Cabadoo Sandstone was flrst noticed by Sir Boderick 
Murchison in the Proceedings of the Geological Society in 
1833, and in 1834 these rocks were described by him under the 
name of Horderley and May Hill Sondstoile. Subsequently, in 
the SiLUBiAN System (1839), these strata were called Caradoc 
Sandstone from the circumstance of their being typically de- 
veloped in the neighbourhood of Caer Caradoc. The lists and 
plates of fossils included as part of this series those of the 
Pentamerus beds. 



* Philoflopliical Mag. for Oct and Not. 
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In 1838 certidn rocks were descried by Professor Sedgwick in 
the Proceedings of the Geological Society, under the name of 
Bala beds, forming the upper part of his Cambrian series. They 
were then supposed to lie below the recognized Silurian rocks, 
though some of their fossils were known to be the sama In 
1840 Mr. Bowman recognized their Silurian character from their 
fossils, and remarks that if there be a boundary between Silurian 
and Bala beds, it must be defined by other than fossil evidence. 
In 1842 Mr. Daniel Sharpe also concluded correctly from their 
fossils that they were the equiyalents of the Lower Silurian rocks 
generally,* while in 1845 and 1846 the Geological Survey proved 
that they formed part of a series of rocks that in South Wales 
had been admitted as members of the Silurian series since 1842. 
In his anniversary address, as President of the Geological 
Society, in the year 1842^ Sir Roderick Murchison also stated 
that " the term Cambrian must cease to be used in zoological 
** classification," with respect to the Bala beds of North Wales, 
&c., and that '^ the conventional line which has been set up in the 
^ map of the Silurian region^ between the Lower Silurian and the 
^' Cambrian rocks, has no longer any reference to strata identified 
'^ by distinguishing organic remains, for the same fossils are 
'* found in strata on each side of that demarcation/'f In 1853 
Mr. Salter examined the fossils of the district on the ground, and 
determined that they were generally identical with those of the 
Caradoc Sandstone. Caradoc Sandstone and Bala beds are, there- 
fore, equivalent terms^ the former ever since the publication of 
the ''Siluiian System*' in 1839 having been used to express 
the higher part of the Lower Silurian series, while in 1838 the 
name of Bala beds for equivalent strata was used by Profeesor 
Sedgwick to express the higher part of the Cambrian rocks, at 
that time, and for several years after, generaUy believed to be 
older than any formation of Silurian age. 

The Llandeilo Flags were first named TrUahite Schists by 
Sir Boderick Murchison in 1834 in his descriptions of the Shelve 
country, the Cameddau, near Builtb, and of the neighbourhood of 
Llandeilo, and under this name, near Shelve, were included the 
strata as low as the base of /the Stiper stones, the whole of these 
rocks being older than the Caradoc Sandstone. Since 1848 the 
Geological Survey have been in the habit of considering the slates 
close below and above the Arans and Arenigs, &c of North Wales, 
as equivalent to the Llandeilo flags of Builth and Shelve. 

At the time of the publication of the " Silurian System," 
and for several years after, it was generally believed that all the 
rocks of South Wales in Cardiganshire, North Pembrokeshire, 
and other districts were assumed to be altogether of older date 
than the Llandeilo flags, and were therefore called Cambrian^ 



* Ptoc GeoL Soc., toL iv., p. 10. 
f Tne, Qtol. Soc., vol. iii, p. 642. 
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In 1842 I diBoovered ih«t the SUoriaa beds on the banks of the 
Towey in Csennarthenflihire were repeaJted further north in nume* 
rons nndolationa I informed Sir Henij de la Beche, who at 
the same time confirmed the facts by a series of independent 
observations. Siortly after, in the same year, I found Pentamenu 
lens and other Silurian fossils in certain iMuads of grit and conglo- 
merate near Ddancothy, ard this first led to the strata between 
the Towey and Cardigan Bay being thrown into the Silurian seriesL 

Tbemadoc Slatb. — These strata were long ago (1846) de- 
scribed by Professor Sedgwick on special lithological grounds, 
but it was not till after 1857 that Mr. Salter determined by thdr 
suite of fossils that they deserve to be ranked as a distinct forma* 
tion, very few of the forms occurring either in the Lingnla flags 
bdow or the Llandeilo flags above. 

The LnrouLA Flags were first named in consequence of Mr. 
Davis's discovery of Lingula Davisii in these rocks near Tremadoc, 
in 1845, for this fossil was soon found to be so characteristic, that 
it gave a name to the formation ; but, forming with the overiying 
rocks a slaty series not easily distinguishable lithologically, no one 
up to this time has preosely divided them on maps fibom the 
formations above 

TheCAMBRiAK Books of the Longmynd were in ^The ISlurian 
System," shown by Sir Boderick Murchison to underlie the whole 
of the Silurian strata, and when in 1846 and 1848 the (Geological 
Survey mapped the equivalent rocks in Merionethshire and Caer- 
narvonshire, they naturally adopted this name for these deposits. 
Stratigraphically they occupy the same portion, and lithologically 
thev much resemble eadi other. 

CoLOUBiNG OF THE Maps. — In 1841 the Geological Survey 
began to map the Silurian rocks at Ebiverfordwest in Pembroke- 
shire, and Sir Henry de la Beche was unable in that neighbourhood 
to detect any base for the Silurian strata. In the same year at 
St. David's I traced a provisional line between the black and the 
purple slates, and this was afterwards adopted as the line between 
the Silurian and Cambrian strata. In 1841 Sir Henry de la Beche 
also discovered graptolites in the black slaty rocks of Fishguard 
near the fort, and about the same time Mr. Aveline found traces 
of fossils at Dinas Head on the same coast. Previous to this 
time Mr. Henry McLaochlan had found Cafymene dupUcata 
at Abereiddy Bay and other fosrils elsewhere between Fish- 
guard and St David's Head, and soon after 1 found Didy^ 
mograptuM MurchisonuB^ Lingula Bamsayi, and BeOerophon per- 
turbatus at the same slate quarries. Graptolites were also found 
by Sir Henry de la Beche near Cardigan, and in tiie spring 
of 1842 fragments of Silurian looking fossils were found by me 
near Newcastle Emlyn. I ako found encrinites several miles 
nortii of Caermarthen. The strata of all of these areas were, 
however, np to these dates generally presumed to be older than the 
Llandeilo flam of Sir R. Muidiison,fdtiiough these £scoveries soon 
incUned Sir Ueniy de la Beche to believe that they might torn out 
to be of Lower SUurian age* 
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In June 1842^ while working at Llandeilo^ I discovered in so- 
called Cambrian' ground^ in a brook near Llwyd-^^oed-uchaf, 
shales and thin impnre limestones and grits, dipping north, and full 
of Lower Silurian fossils. I concluded that they were Lower 
Silurian rocks rolled oyer to the north, and supposed them to form 
apart of the series higher than the trilobitic Llandeilo flags of 
Dynevor Park. A more recent analysis of the fossils by Mr. 
Salter shows, in fact, that they are Bala or Caradoc beds, and this 
agrees with the position I assigned them. I immediately informed 
Sir Henry de la Beche of the circumstance, and a single day later 
he detected similar appearances near Llangadoc* In August of 
the same year I found Pentamerus lens at Melin-newydd, near 
Pumpsant, and generally identified the strata with the well 
known Pentamerus beds of Noeth Grug. Pursuing these inves- 
tigations the whole of South Wales as far as Cardigan Bay was 
shown to be simply a repetition of Lower Silurian strata, prolonged 
in numerous undulations, and it was therefore (no one for years 
objecting) coloured Lower Silurian. We believed, however, as we 
proceeded northward that we might at leneth reach a lower set of 
foesiliferouH Cambrian rocks, but found mstead the recognized 
Lower Silurian strata, striking directly into the Bala country. 
Hence the greater portion of Wales, under the name of Llandeilo 
and Bala beds, came to be coloured Lower Silurian by the Geologi- 
cal survey ; and it was not till we reached the barren purple and 
green ^its and slates of Merionethshire lying below the Lingula 
flags, that we mapped (as Cambrian) any formation distinct from 
the great fossiliferous Lower Silurian series. 



CHAPTER IL 
Geogbaphical Abrangement and Physical Belatioks of 

THE PaL^BOZOIG BoCKS OF WaLES AND ShbOPSHIRE. 

The following Memoir relates chiefly to the rocks of Merio- 
nethshire, Caernarvonshire, Anglesey, and part of Denbighshire, 
but before proceeding to detailed description of this area, I shall 
attempt to give an idea of the general geographical disposition of 
the Silurian and Cambrian roc^ of Wales and its neighbourhood, 
and of their local relations to those later members of the Palasozoio 
series that chance to bound them. 

The oldest rocks in Wales and Shropshire ^se to the surface 
in six districts : — 

First, Anglesey, the greater proportion of which consists of 
mica and chlorite schists, gneissic rocks, grits, and quartz-rocL 

Second, the Bangor and Llanberis district, comprising the 
altered purple, green, and chloritic, slaty, arenaceous, and con- 
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glomenitic beds west and south-west of Bangor ; together with 
the porple and green slates, and grits on the banks of the Ogwen 
around Bethesda, the lakes of Llanberis^ Llyniau Nant-y-llef, and 
UanllyfoL 

Third, the Lleyn district, consisting of the ancient schists on 
the south fflde of Caernarvon Bay, including Bardsey Ishind and 
the coast from Bardsey Sound to Forth Nevin. 

Fourth, the Harlech district, an oval-shaped tract, occupying 
most of the ground between the Barmouth estuaiy and that of 
Traeth-bach, and principally composed of greenish grits, occasion- 
ally interstratified with green and purple slates. 

Fifth, the district of St. David's, comprising the purple sand- 
stones and slates on the north side of St. Bride's Bay, in 
Pembrokeshire. 

And sixth, the purple and green grits, conglomerates, and slaty 
beds of the Longmynd, and the neighbourhood of Shrewsbury. 

The term Cambrian is restricted in this Memoir to the rocks 
mentioned above, which, excepting annelide burrows, and a 
doubtful trilobite, have nowhere yielded in England or Wales 
any well authenticated oi^anic remiuns. The strata that lie be- 
tween them and the Old Bed Sandstone are called Silurian, on 
the ground that in Shropshire and in part of South Wales thcr 
were so originally termed by Sir Roderick Murcbison.* .This 
name was subsequently extended over Wales by the Greological 
Survey to areas previously considered older, but found to be of 
identical date. Although there are great generic and specific 
differences in the fossils of some of the Silurian formations, 
trilobites, cystideae, brachiopods, &c. are found throughout, and 
gr^>tolites everywhere except in the Lingula flags. 

1. Anglesey. — In Anglesey the Cambrian rocks are overlaid by 
Lower Silurian shales and grits, which principally lie in the central 
part of the island, north, north-east, and south-west of Llanerchy- 
medd. The Old Bed Sandstone and Carboniferous Limestone rest 
on them unconformably in a broad strip between Dulas Bay, Bed 
Wharf Bay, and Mallclraeth Sands. A succession of faults that 
follow a straight course from Bed Wharf Bay to Llanddwyn 
Island, throw the Carboniferous Limestone and Permian rodu 
against the Cambrian schists that occupy the south-east quarter 
of the island. A patch of Silurian rocks overlaid by limestone 
rests on these schists between Llanfihangel, Puffin Island, and 
Beaumaris, and the same limestone; with occasional beds of sand- 
stone, bounds the schists on a line between Llanfair-pwll-gwyngyll 
and Newborough Marsh. A small patch of red unproductive 
Coal-measures rests on the limestone opposite Caernarvon. 



* The rocks beneath the Stiper Stones, which probably represent the Iins''fa 
flags, were howerer not known under this name originally, bnt hare since been 
indnded with theni. * 
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2. Caernarvonshire. — The Cambrian rocks of part of the north- 
west of Caernarvonshire belong geographically to the same area 
as those of Anglesey, being only separated from them by the 
Menai Straits. In both areas the Carboniferous rocks rest unoon- 
formably upon them. A band of unproductive Coal-measures forms 
a narrow strip of coast line between Caernarvon and Llan&ir-is- 
gaer> and is succeeded by a belt of Carboniferous Limestone from 
thence to Gored-girth on the coast near Bangor. A fault throws 
these rocks against a felspathic mass of granitic character, that lies 
between Caernarvon and Bangor, and (except near its northern 
termination) separates the Carboniferous strata on the Menai from 
the Silurian and Cambrian rocks of this part of Caernarvonshire. 
The last-named strata, repeated by a north-east fault, lie in two 
patches, one between the liavan Sands and Caernarvon, and 
anbther running from Nant Ffrancon by Llanberis to LlanllyfnL 

3. Lleyn, — The third Cambrian area, much metamorphosed, forms 
a broad belt of land between Bardsey Island and Porth-dinlleyn. 
It is bounded on the south-east by the Lower Silurian rocks of 
Lleyn,* through which are protruded numerous bosses of green- 
stone, &c., in the area that lies between Aberdaron, Cricdeth, and 
Yr Eifl or the Rivals. 

The Cambrian rocks near Llanberis and Bethesda are over- 
laid hj the Lingula flags, and these are succeeded in ascending 
order by strata, the higher part of which represents the Bala 
beds or Caradoc sandstone of Sedgwick and Murchison. Mag- 
nificent sections of these rocks occur in the Passes of Llanberis 
and Nant Ffrancon, and on the heights of Snowdon, Y Glyder- 
fawr, and Camedd Llewelyn, and, indeed, in the entire series 
of slaty rocks, interstratined with ingneous products that lie 
between the Vale of Conwy and Caernarvon Bay. 

4. Merionethshire. — The fourth Cambrian area is the oval-shaped 
mass of Merionethshire, between Traethbach and the estuary of 
the Mawddach, the grits and conglomerates of which are sur- 
rounded on the north-east and south by the Lingula flags, dotted 
with occasional protrusions of greenstone. Above these Lingula 
flags lie the Tremadoc slates, which are overlaid by great ac- 
cumulations of volcanic ashes, principally felspathic, and of 
felspathic traps or lava flows, extending in a crescent form 
round the Cambrian, Lingula, and Tremadoc beds, and forming 
the heights of Cader Idris, and the Arans, Mynydd Nodol, 
Craigddu, the Arenigs, the two Manods, and Moelwyn-mawr 
and Moelwyn-baoh. It will be shown that this volcanic series 
Was of much earUer date than that which forms the high mountain 
tracts in Caernarvonshire, between Tremadoc, Llanrwst, and 
Conway. The former lies about the horizon of the Llandeilo 
flags, the latter in the middle of the Bala beds or Caradoc 



* Lleyn i« the WcUh name of the promontory that separates Caernarvon Bay from 



Cardigan Bay. 
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sandstone. 1^ the diBtriets were mapped by iiie Greological 
Survey, they had been described by geolo^sts as the same 

Caradoc or Bala Beds. — The typical Bala or Caradoc beds 
fie in the Bala district between Dmas Mowddwy, Bettws-gwer- 
fol-godi, and Bettws-y-Coed. They consist of black and bine 
slates, and grey and brown arenaceous beds, the Bala limestone, 
generally very impure, lying about the middle, and ayeraging 
from 20 to 30 feet in thickness. Between the limestone and the 
lower traps of the Arenigs and Llyn Conwy, two and sometimes 
three thin and imperfect beds of Tolcanic ashes represent the whole 
of the yast yolcamc accumulations of Moel Hebog, Snowdon, and 
Camedd Llewelyn. The middle part of the Bala beds, including 
the fimestone, is most fossiliferous, the black slates below, and the 
slaty and sandy interstratifications aboye, being comparatiyely 
barren. 

5. Sic. DovUPm, Pembrokeshire. — Eastward ilie Bala beds are 
oyerlsud by a part of the Lower Llandoyery beds, and passing 
southward, these, prodigiously thickened, and together with i| 
smaller deyelopment of the ordinary Caradoc or Bala beds, range 
through large portions of the western parts of the counties of 
Montgomery, Badnor, Brecon, Cardiganshire, and the northern 
halyes of Caermarthenshire and Pembrokeshire* Li Pembroke- 
shire iCTCOus rocks, resembling those of North Wales, are assocnated 
with fjandeilo slates, beneau which at Whitesand bay occurs a 
thin band of Lingula flags, and at the bottom of all, on the north 
side of St. Bride's Bay, the fifth Cambrian patch rises to the 
surface, consisting of purple slates and grey and purple sandstones 
and conglomerates, resembling their equiyalents in Caemanron* 
shire. 

6. The Longmynd. — The Cambrian rocks of the sixth area crop 
out from beneath those equiyalents of the Lingula flags that fie 
]mme£ately east of the Stiper Stones. On the south, and parUy 
in the south-east, they are enclosed unconformably by the Upper 
Llandoyery rocks, or Pentamerus sandstone, conglomerates, and 
limestone (equiy^ents of the May HiU sandstone), and partly 
by the Wenlock shale. On the east, about Church Stretton, they 
are partiy bounded by Caradoc rocks and Wenlock shale, thrown 
against tbem by fiiults, and from Le Botwood, north and west- 
ward they} are enclosed by Coal-measures, Permian rocks, and 
New Bed Sandstone. The Lingula and Lower Llandeilo beds, 
that oyeriie the Cambrian rocks of the Longmynd on the west, 
are encircled by tbe Pentamerus and Wenlock beds, which rest 
on them in the same unconformable manner that they do on the 
Cambrian grits of the Longmynd. 

A long strip of Caradoc sandstone or Bala beds runs from the 
Wreldn near Coalbrook Dale by Caer Caradoc, for 20 miles to the 
south-west It is separated from the Wenlock and Tarannon 
shale by the same Upper Llandoyery rock beds that underfie that 
formation on the flaidcs of the Cambrian and Lower Silurian rocks 
of the Long my nd and Shelye, and also west of the Wye near 
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Builth, and in Caermartbenshire north-east and south-west of 
Llandovery. In all these areas there is a marked unconformity 
between the Upper Llandovery rocks and the underlying strata of 
whatever age. 

Llandovery Beds and Tarannon S/iale. — In North Wales the 
Upper Llandovery rocks are absent, and the Bala beds, as far 
north as the ground 6 miles south-east of Bala Lake, are (as 
already stated) overlaid by a long strip of grit probably be- 
longing to Lower Llandovery strata, and this is overbad by 
pale grey, purple, and green Tarannon shales.* These shales 
(the Upper Llandovery beds being absent) form the lowest 
part of the Upper Silurian rocks of North Wales, and on the 
west of and below the Denbighshire grits they run in a narrow 
and nearly unbroken line from the mouth of the Conwy to 
Melynllyn near Llanddewi Ystrad Enny, at their southern end 
being strikingly unconformable to the various underlying members 
of the Lower Silurian strata. On the sides of the boss of the 
Llandeilo flags of Builth they are absent, but appear in force on 
the banks of the Wye near Newbridge, resting on Bala beds and 
Lower Llandovery rocks, and further south towards Garth (where 
they are overlapped by Wenlock shale) on Upper Llandoverv 
beds. They next appear from under the Wenlock shale at Noeth 
Grug, and strike south-westerly near Llandovenr to the neighbour- 
hood of Pen-y-lan, resting on Upper Llandovery beds. Near 
Pen-y-lan the Tarannon shales are overlapped by the Wenlock 
shale and they do not wain appear in South Wales. 

On the north-west flanks of the Berwyn area the Tarannon 
shales separateithe Denbighshire grits from the Bala beds. On 
the south they are partly cut on by a fiiult along the ranse of 
Pen-y-bylchau, but again appear in the country near LlanfylUn 
and Meifod. The same shale runs along tlie south flank of the 
hills of Cym-y-brain north of Llangollen, and of another patch of 
the Bala beds east of Llanelidan. 

Denbighshire Grits. — The Denbighshire ffrits succeed the Taran- 
non shale, and, interstratified with slaty shales, form the base of the 
Wenlock strata. They run from north to south, in a long sinuous 
and sometimes broad strip, fropi the mouth of the Conwy to 
Melenyddy immediately north of Llanddewi-ystrad-enny, in 
Badnorshire. East of Bala Lake they lie in a trough, from two 
to four miles wide, and the Tarannon shale and Lower Silurian 
rocks of the Berwyn hills rise from underneath their eastern 
boundary, similar in general structure to those of Bala and Caer- 
narvonshire, but with the igneous rocks are much less largely 
developed. 

North of the Berwyn hills between Llangollen and Corwen 
the Denbighshire grits, inore shaley in character, overlie the 
Tarannon shales ; and in the valley of the Yymwy and eastward 



* For more detailed notice of the Llandovery beds lee pp. 15 and 330. 
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by Weldipool and the Longmoimtuii, and round the Lower Silu- 
rian rocks of the Shelve and Comdon country, this sandy character 
of the base of the Wenlock Shale has entirely disappeared. 

In Radnorshire, 10 or 12 miles north of Bmlth, the Den* 
bighshire grits die out, but their equivalents in a more shaley 
form are believed by Mr. Aveline to strike into South Wales. 
This shaley variety also probably forms part of the formation in 
the tyjncaf country near Wenlock Edge^ as well as in Caermar- 
tbenslure, where in places these strata rest capriciously, sometimes 
on the Upper Llanaovery beds, sometimes on the Caradoc Sand- 
stone or Bala beds, ai^ near Builth and west of Lhinarthney on 
the Llandeilo flagsi 

Wenlock Shale. — Between the mouth of the Conwy and Corwen 
the Denbighshire grits are succeeded by ordinary Wenlock shale. 

West of LJanarthney in Caermarthenshire the Upper Silurian 
rocks disappear, and the Old Bed Sandstone and C^boniferous 
strata lie directly on Lower Silurian beds. 

Old Red Sandiiane and Carbaniferaus Roehs* — From Den- 
big^hire to Pembrokeshire the whole of the Silurian rocks 
of Wales and Shropshire are set in a framework of Carboni- 
ferous and Old Bed Sandstone strata. Striking from Anglesey 
across the entrance of the Menai Straits, the Carboniferous Lime- 
stone rests on the Bala beds at the Grxeat and Little Ormes head- 
lands, but from thence to LUnelidan it lies on Upper Silurian 
shales and flagstones in a long band rarely more thui 2 miles in 
width. Here and there narrow strips of Old Bed Sandstone in- 
tervene,* and the whole of these dip north-east into the vale of 
Clwydt where the limestone is overlaid by a l^v expanse of 
New Bed Sandstone. From beneath this Secondary rock on the 
east, thin interrupted strips of limestone again crop out, reposing 
on the Upper Silurian hilly range east of St Asaph and Buthin, 
which like a great barrier divides the limestone in the Yale of 
Clwyd from that on its eastern flanks. The base of the Carboni- 
ferous Limestone lies highly unconformably on the Silurian strata, 
and its upper beds are overlaid by the DenUghshire coal-field. 

The same limestone bounds the Silurian territory as fax south 
as L]an-y-mynycb, lying on the Caradoc or Bala beds at Cym-y- 
brain, on the Wenlock shales and flags near Llangollen, and again on 
the Bala beds east of the Berwyns. Following the Silurian line 
to the south between the Breidden hills and Le Botwood in 
Shropslure, the Coal-^measures lie indifferently on Upper and Lower 
Silurian and Cambrian rocks, and between Coalbrook Dale, and 
Lknarthney in Caermarthenshire, the Old Bed Sandstone, sweep- 
ing across Herefordshire into South Wales, rests directly and 



* The strata which in places contain Cornstcmes hare alwajs been eonsideivd Old 
Bed Sandstone. Thej, howerer, bekmg to that nppetmost part of the ibnnation which 
some anthon now consider to be doael j allied or aetnally bekwging to the Lower 
Ckrbontferoas aeries. 
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apparently conformably on Upper Ludlow rocks, till in Caer* 
martheBsnire it graduaUy creeps across the Upper Silurian strata^ 
and bounds the Llandeilo flags on the south as far as the eastern 
Cleddau, near Slebech^ in Pembrokeshire. Beyond Slebech in its 
turn it is overlapped by the Carboniferous Limestone, and firom 
the western Cleddau to the north-east ai^le of St Bride's Bay, the 
Coal-measures rest directly on tiie Lower Silurian strata. 

FhyriaU Belations. — The principal physical relations of the 
Silurian and Cambrian strata of Wales may be briefly stated as 
foUows: — There is no sign of unconformity anywhere between the 
Cambrian rocks and the overlying Lingula flags of Merioneth- 
shire, Caernarvonshire, and the Longmynd.* 

The beds known as Tremadoo slates succeed the Lingula flaga 
They are best known in the district from whence they take their 
name, and are characterised by the presence of genera of trilobiiea, 
and brachiopoda, many of which are not found in the underlying 
true Lingula fl^Eigs, and some of which pass upwards into the 
Llandeilo and Caradoc series. They have, therefore, an inde- 
pendent character of their own, which, however, is more nearly 
allied to that of the Lingula flags than to that of any overlying 
formation. Occurring apparency only in isolated patches, they 
probably Ue unconformably on the Lingula flags, although this has 
not been actually proved. 

The Llandeilo flags come next in the series. These are largely 
devel(^ed in the typical district of Llandeilo, and more or less 
along the Silurian country a few miles north of the base of the 
Old Bed Saxtfstone of South Wales, and their equivalents suc- 
eeed the Lingula flags of Pembrokeshire, and probably form the 
lowest strata of the vale of Teifi and other parts of South 
Wales. They are characteristically developed in association 
with the igneous rocks of Builth, and of me Shelve district 
west of the Longmynd, and they form the lowest strata ex- 
posed in the centre of the Berwyn hilla The black slates that 
circle round and immediately overlie and underlie the igneous 
rocks from Cader Idris in Merionethshire, to Moelwyn in Caer- 
narvonshire, also most probably represent the same series, but in 
the absence of fosals it is impossible to be quite certain. Certain 
strata in Anglesey may also be of . the same age. Besting as 
they do in Scotlmd and Ireland unconformably on Cambrian 
strata, it is likely that there is also an unconformity between 
the Llandeilo flags and the Tremadoo and Lingula beds even in 
Wales, for though there is no visible break between any two of 
the above-mentioned formations, in Anglesey strata of Llandeilo 
and Caradoc age lie directly on Cambrian rocks, showing so great 



* In Stttherlandahire and in Ireland there ia a marked nncon&rmfty between the 
Llandeilo and Caradoc beds and the Cambrian rocka, the Lingola flags being abaenty 
and the same aeema to be the case in Caemanronshire, near the Henai Straita, and in 
Anglesey. 
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and rqpid an oyedap of the LingnlA and Tremadoc serieB, that it 
aeems to indicate nBConfonnity between these bhick slaty strata 
and the Tremadoc and Lingola beds below. 

There is no sign of unconformity between the Lknddlo rocks 
and Bak or Candoc beds^ whether in the connt ry n ear Lkndeik)^ 
among the Berwyn hills^ or in any other part of Wales. 



Clauifieation cf ihe Lland4nyery beds and Tcarannon shale. 

The next point that arises is the relation of the Lower Llan- 
doTery beds to the older strata. These appear on the east side 
(^ the Bala series^ south-east of Bala, whence striking sooth 
in a well-defined strip to Mallwyd, they gradnally thicken and 
widen out, and rolling over to the westward) ihey seem to form a 
large proportion of the rocks of Cardiganshire, West Montgomery- 
shire, Radnorshire, North Caermarthenshire, and part of Pem- 
brokeshire. In general they are almost unfosnliferous, but 
between Bhr.yader and Builth, and near Newbridge, and in 
Caermarthenshire, between Noeth-grug and Llandovery, they 
contain numerous fosmls (see p. 231). Sometimes they seem to 
pass lithologically inix) the Caradoc or Bala beds, both of South 
and North Wales, and no certain unconformity has been de- 
tected between them, except possibly in Caermarthenshire near 
Noeth-grug. Li the origmal typical country of the Caradoc 
sandstone of Sir B. Murchison, in Shropshire, the Lower Llan* 
doTcry beds do not csast. These considerations, added to the 
circumstance that a large proportion of the fossils are Lower 
Silurian spedes, decided the Geological Survey to retain these 
strata among the Lower Silurian deposits, although by some per 
sons it has been proposed to place the Lower and Upper Ltan^ 
dovery beds in a Middle Silurian series. 

The Upper Llandovery beds come next in the series. Li 
South Wides they first appear in Marloes Bay, and, at inter- 
vals, range across Pembrokeshire ; but fturther north and east they 
£aappear for a bpace, being overlapped by the Old Bed Sandstone. 
Th^ re-appear south of Llandeuo, in Caermarthenshire, lying 
at Ihe base of the Upper Silurian rocks ; and varying from a 
few feet to 1,000 feet m thickness, they range north-east in a 
narrow strip tiurough parts of Caermarthenshire, Breconshire, and 
Badnorshire, lying indifferently and unoonformably on Lower 
Llandovery, Caradoc, or LlandeUo beds. Near Builui, only a few 
feet thick, they rest quite unconformably on the Llandeilo flags and 
tiieir assodated igneous rocks. The v are also found near Presteign, 
at Nash Scar, and in Shropshire they lie very unconformably on 
the Caradoc sandstone, between the neighbourhood of Cardington 
and Coalbrook Dale. In the Longmynd country they also lie 
quite unconformably in the form of a calcareous conglomerate on 
Cambrian and Lower Silurian rocks, and beyond this in Wales 
they are not known anywhere at the western base of the Upper 
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Silurian strata between Radnorshire and the mouth of the 
Conwy. 

While the seennng conformity of the Lower Lkindovery 
beds with the Lower Silurian strata point to a relationship be- 
tween them^ the decided unconformity of the Upper Llan- 
dovery beds on all below, indicates a closer connexion of these 
strata with the Upper Silurian rocks generally. In fact a great 
physical break takes place at this pointy all the lower members 
of the Silurian series having been disturbed and planed across 
by denudation before the Upper Llandovery beds were formed. 
Accordingly, by the Geological Survey they are considered to 
form the basement beds of l£e Upper SUurian strata. 

Though the Upper Llandovery beds do not occur in that 
part of North Wales which forms the main subject of this memoir, 
the foregoing explanation is necessary for the full imderstand- 
ing of the subject The stratigraphical classification adopted 
in consequence of the physical relations of the strata is not con- 
tradicted by the fossils (see page 231). 

The Tarannon shale, which comes next in the series, ranges 
from Caermarthenshire on the south to the mouth of the Conwy. 
It rises generally in a narrow band from beneatn the western base 
of the Wenlock shale and Denbighshire grits. In the country 
near Llandovery (Noeth Grug, &c.) and west of Builth the 
shale lies directly, and apparently conformably, on the Upper 
Llandovery beds. A little further north the Tarannon beds over- 
lap the Upper Llandovery strata, and between that point and the 
mouth of tne Conwy in North Wales they lie tronsgressively and 
quite unconformably on various members of the Lower Silurian 
series. On the other hand, both in Wales and Shropshire they 
pass conformably under the lowest beds of Wenlock shale, with 
which undoubtedly they are intimately connected. 

Above the Tarannon shale the Wenlock and Ludlow beds seem 
to have been formed in regular and unbroken succession. 

The strata that lie between the top of the Caradoc or Bala 
beds and the base of the Wenlock shale, in my opinion, were 
formed during a period of frequent oscillation of the relative 
level of the land to the sea. This oscillation succeeded the 
long and continuous deposition of the Bala beds, and preceded the 
formation of the Wenlock and Ludlow strata. The Lower and 
Upper Llandovery beds and the Tarannon shale belong, in fact, 
to a middle portion of the Silurian epoch only. Three fragments 
of this episode have alone been preserved, and while the oldest, 
that of the Lower Llandovery beds, is somewhat closely connected 
with the Lower Siluriaiv period, the remaining two are more 
nearly related to the Upper Silurian age. 

To explain all of these phenomena that apply to North Wales 
more in detail will be one of the principal objects of this Memoir ; 
and in doing this I shall not invariably follow either an ascending 
or a descenmng stratigraphical order, nor yet describe the details 
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of each entire section in succession, but rather allude to their 
points and peculiarities in any mode most desirable for the expla- 
nation of the physical geology of North Wales. 



CHAPTER IIL 
The Cambbiabt Bocks of Mebionethshibe.* 

General JSait^tf.— -The Cambrian rocks of Merionethshire are 
comprised in a broad mountain tract, forming an irregular OTal, of 
which the widest diameter &om north to south is about 15, and 
from east to west about 10 miles. 

The rocks of this r^on principally consist of coarse quartzose, 
greenish grey grits, the quartz grains being often associated with 
interspersed granules of felspar. The rock has often a semi-crys- 
talline aspect, perhaps due in some cases to the original angularity 
of its component grams, and in others to the partial effect of what is 
termed metamorphic action. The beds seem to have been formed 
prin c ip ally by the direct waste of rocks of a granitic character, or 
at least into the composition of which crystalline quartz and felspar 
hugely entered. Occasionally the strata are conglomeratic, quartz, 
and more rarely felspathic pebbles, being disseminated in a 
gritty base They are always bard and solid, and oft;en very 
masrare, attaining a thickness of 8, 10, or even 12 feet. Fine 
sections are so numerous that almost anywhere their general 
structure may be examined. Sometimes they are purple and 
fine grained, and they are intermingled with occasional bands 
of greyish green and purple slates, which, especially towards 
the lower part of the series, attain a considerable development 
Excepting Annelide tracks and borings, no fossils have yet been 
observed in the Cambrian strata of Merionethshire. 

Seetums. — ^The Cambrian rocks are boanded hj a sinnoas Hoe from Bar- 
month to Dol-j-melyallyTiyt near the fifth milestone north of DolgellL From 
thence it bends north, crossing the turnpike road and Afon Eden near the 
sixth milestone, and Afon Gain close above Rhaiadr Mawddach. Beyond this 
it passes along the east slope of Craig-y-Penmaen, and afterwards, partly 
boanded bv a north and sonth fault, the line crosses the Ffestiniog road 
about a mile north-east of the spot where the roads branch to Ffestiniog and 
Maentwrog. A few hundred yards further north, the boundary suddenly 
leaving the line of fsult, strikes to the south-west by various houses called 
Llenyrch, Dolorgan, and Glyn-cywarch, after which it enters the marsh of 
Mor& Harlech, and bending to the north beneath the alluvium, again takes a 
westerly course on the hilly ground by Llanfihangel-y-traethau, and passes 
from Bryntirion towards the blown sand west of Gbm-y-mor. From thence to 
Barmouth it is bounded by the marsh and the sea, but under water the 
bonnda^ perhaps strikes westward towards the promontory of Penrhyn-du on 
the north coast of Cardigan Bay. 



* 1I4» 75, N.E., S.E., and 59 N.E. 
I Mis-spelt DU-y-mdynen in the map. 
5S42. B 
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Near Bannouth the strata are beautifully exposed oa the hill sides 
towards Aber-rhamffiroch, dipping E.S.E. at angles of about 50° and 
GOP, Thej are composed of coarse c^uartzose grits of a grey colour, with a 
tinge of green* Semi-transparent grains of blue quartz are conunon in these. 
Throughout the whole section there are thin bands of greyish green and occa- 
sionally of purple slate, a good example of which occurs at the ferry, dose by 
the landing place. The junction with the Silurian strata, afterwards to be 
described, is at Aber-rhamfioch. 

Another beautiful section occurs about 5 miles north-east of Barmouth, on 
the west side of Y-foel-fechan, where on a high and steep hill side there is a clear 
exposure of these rocks, bed after bed dipping south at low angles over a 
distance of about a mile« On Clogau the beds maintain the same dips, and 
from thence to Pont-ar-Ciamlan they gradually curve round and dip south- 
easterly under the Lingula flags of CJwm-gwain and Cefh-coch. From Pont- 
ar-Gramlan towards Trawsfynydd they dip nearly east, and all these dips being 
on an average greater than the slope of the hills^ lower beds graduallv crop out 
on the north and west. A broad anticlinal axis runs up the centre of the great 
flats, that extend from the north end of Cefti Cam to Cors-goch near Traws- 
fynydd, and this arrangment of the beds immediately north of Craig-y- 
ganllwyd and Cehi C«m« is well shown in the horizontal sections, sheet No. d7» 
unes 1 and 2. The lowest Cambrian beds run north to Dolwen, where th^ 
are concealed by drift and alluvium, but judging by the superficial d^ris, they 
probably consist in part of purple slate. A curved line orawn from thence, 
averaging about 5° west of south, would give the continuation southwards of 
the lowest exposed beds of the Cambrian anticlinal curve. On the rough hills, 
traversed by the Roman road, on the east side of the anticlinal, great beds may 
be seen rising in terrace-like steps, dipping east, at angles varying from 25° to 
90^. The same beds roll over to the west, forming the magnificent mountain 
escarpments of Llether, Rhinog-fawr, Rhinog-fach, and Craig-ddrwg, where 
the strata dips towards the sea, and so barren are the rocks that even mm the 
DolgeUi and Ffestiniog road, on a dear day, layer above layer may be followed 
by the eye along the whole eastern face of the mountains. 

In the pass iS Bwlch-drws-ar-dudwy, the rocks are singularly bare of vege- 
tation, and for a height of about a thousand feet from the base to the very 
summit of the hills, the beds piled on each other may be seen dipping steadily 
west, with gentle undulations, at angles varying from 25° to 30 , presenting 
one of the grandest spectacles, both geologically and as a piece of rugged 
scenery, that North Wales affords. Rhinog-fawr forms one side of this pass, 
and the disposition of its rocks will be wdl understood by reference to the 
horizontal section Sheet No. 37, line 1. From thence to the sea the beds 
undulate, so that the strata that crop to the surface about the centre of the 
Merionethshire anticlinal line on Afon Eden rise again near Harlech, and for 
some miles further south. Purple slates occur near the coast and in several of 
the valleys south of Harlech. Towards Ffestiniog the same grits dip northerly,* 
the east oend of the curve being cut off by a large fault,t so that tne Cambrian 
strata and the Lingula beds abut on each other, both cUpping to the north at 
angles under 30°. In the centre of this anticlinal curve purple slates, under- 
lying all the grits, rise in mass sufficient to idlow of the opening of sm^ 
quarries, but the form of the ground being generally unfavourable for such 
operations, the depth of slate is unknown. In most of the greater sections 
conglomerates occasionally occur, and f^e bedding, together with ripple or 
current marks are not unusual. The greatest measured thickness is from 
6,000 to 7»000 feet, but the base of the n>nnation is unknown, either on the 
coast or in the anticlinal curve, between Trawsfynydd and Cefh Cam. 

The total thickness (Section 3, PI. 28) between Gwyn-dy and the Lingula 
flags on the N.W. ia about 4,200 feet, wjiile near Rhinog-fawr the C^- 
brian grits exposed at the surface attain a thickness of about 6,300 feet.t 



* Map 75 N.E., and Section, sheet No. 28, at Corsgoch, line 4. 

tMap 75 N.E. and S.E., and Section, sheet 29, line 1. See alw page 18. 
Section, sheet 37, lines 1 and 2. 
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Either, therefore, lower beds rise to the surface in that district, or else the grits 
and conglomerates rapidly thin out northwards. The last supposition is most 
probable, for not only are the same slaty bands seemingly characteristic of the 
whole of the lower part of the anticlinal cnrve from near Cefn Cam to Traws- 
^nydd, but it will subsequently be seen that still further north, near the 
Menai Straits, the uppermost Cambrian grits resting on purple slates do not 
attain more than a fourth part of their thickness near l^wsfynydd. 

Porphyry and Greenstone, — Intruded amongst the lower beds are 
masses of porphyry, formed of small granular crystals of quartz, 
set in a compact blue felspathic base, like that afterwards to be 
described in connexion with similar rocks at Llanberis. Two of 
these lie in the district of Crawcwell, a few miles south-west of 
Ffestiniog, the others near Hafod-gan, and on Cefii Cam still 
further south. The rocks in contact with them are altered, and 
the porphyries, like granites and others of their class, present 
the ^>pearance of rocks that have cooled deep beneath the surface. 

An immense number of greenstone dykes trarerse these rocks. 
They are especially numerous in the Cambrian grits and over- 
lying Silurian beds of Uawllech, and also to the north and 
Dorth-east as far as Cefii Cam and Craig-y-ganllwyd, but towards 
the sea, west of the escarpment of Bhin<^-fawr, the ground 
ia much obscured by drift. On and about Llawllech the dikes 
more or less follow the line of strike, but elsewhere they run in 
all directions, and frequently at right angles to the bedding. 
S<xne of them form continuations of lodes and lines of fault, a re- 
markable instance of which occurs west of Tyn-y-groe& There, 
between Perthlwyd and Cefii-coch, a quartz lode bearing lead, 
which is also a &ult, separates the Cambrian and Silurian strata 
for about three-quarters of a mile. Between Cefn-coch and 
Craig-y-cae it is only recognized as a vein of quartz, and from 
thence to the neighbourhood of Cwm Mynach-uchaf the same 
fissure, ran^ng east and west for more than a mile, has been 
filled with greenstone. The dykes also form a marked feature of 
the ridges north of Bhinog-fawr, generally running north-west and 
south-east, and cutting across tiie strike of the massive beds of 
greenish-coloured grit& They rarely exceed 2 miles in length, 
and are mostly dark coloured, and very hornblendic ; but some 
of them, especially among the higher beds of the formation, 
consist of a pale grey variety, which is sometimes slightly 
calcareous. In several instances the dykes were found to be so 
strongly magnetic, that while standing on them, and making 
observations with the compass, its play was completely deranged, 
and the observed bearing misled Mr. Selwyn and myself as to 
otnr position on the map, and so strong was the power of attraction 
in a pmnted firagment of the stone, that when brought nearly in 
contact with the glass of the instrument, the needle and card spun 
round as if under the influence of a bar of steel. A well marked 
example of this occurs in the dyke cited above that occupies the 
same fissure with the lead lode and quartz vein west of Tyn-y- 
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CHAPTER IV. 

General Distribution of the Lingula Flags and Igneous 
Bocks of Mbbionbthshire. — Lingula Flags North of 
THE River Mawddach. 

General Description. — Lingula Flags and Tremadoc Slate, — 
The Cambrian grits^occupying the oval tract described in last 
chapter* are succeeded by the Lingula flags^ and these by higher 
Silurian rocks, which, throughout a broad horizon, are largely 
intermingled with igneous products, the whole circling round the 
Cambrian strata on the south, east, north, and north-west. 
Beginning on the south near Barmouth the Lingula flags occupy 
both banks of the estuary to Dolgelli, from whence they strike 
north to Ffestiniog, and then westerly to Tremadoc and Morfa 
Harlech. Their junction with the Cambrian rocks is well seen 
at Aber-rhamffiroch about half a mile east of Barmouth. 

There is no unconformity. On the contrary there are symptoms 
of a passage in a few beds well exposed on the roadside. These 
dip at a high angle a little to the south of east, and consist of 
purplish slates merging into dark blue in the higher beds which 
again pass into the ordinary dark blue pyritous slates, typical 
of the lower members of the Lingula flags over the greater part 
of North Wales. In spite, however, of conformity and the 
apparent passage, the lithological difierences of the greater masses 
on either side of the line are well marked. This circumstance, 
and also that fossils are as yet unknown in these Cambrian rocks,f 
while there is a speedy appearance of life in the overlying blue 
slates, would seem to af&rd sufficient grounds for this strati- 
graphical separation, and the employment of difierent colours to 
represent it on the map. 

The Lingula flags occupy most of *the country between the 
Cambrian strata and the interbedded igneous rocks of Cader Idris, 
the Arans, Arenigs, and Moelwyn. Their lower part generally 
consists of dark blue and ferruginous slaty beds, occasionally 
fossiUiferous. 

The higher beds assume a somewhat different aspect, for though 
sometimes equally dark and iron-stained, yet they are generally 
lighter coloured and coarser grained, both as regards the general 
difiusion of sandy material and also in the more frequent occurrence 
of beds of grit As a whole they may be described as banded flags, 
formed by the repetition of numerous very thin, slightly-wavy 
felspathic and siliceous layers, of a light bluish grey colour, and 
often BO felspathic that flne grained portions look as if formed of 
spathcse dust or ashes, and, indeed, between Capel Arthog and 



♦ Sheets 69 N.E., 60 N.W.. 74 S.W. and N.W., and 75 S.E and N.E. 

t A closer search among the finer grained sandstones and slates may probably 
yield annelid impressions similar to those found in the rocks of die Longmynd, Geol. 
Joum. 1856-7, vol. 11, p. 246, Salter. 
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Penmaen,* here and there this character so predominates that the 
material may possibly have originated in direct or nearly direct 
volcanic agency. Bipple or current marks are frequent on the 
surface. 

The coounonest fossil of these beds is the shell discovered by 
Mr. E. Davis at Tremadoc, and after him named Lingula DavUU 
by McCoy. It is a large square species distinct from those in the 
overlying Llandeilo and Bida beds, and occurs plentifully in the 
middle and higher part of the Lingula flags^ piarticularly on the 
left bank of the Mawddach, where it was detected by Professor 
Sedgwick, who in the year 1846 explained the identity of these 
beds with the Lingula flags of Tremadoc In the same year it 
was found near Dolgelli by Mr. Selwyn in the woods of Garth 
and in the hills above Llyn Penmaen^ accompanied by a crustacean, 
Hymenocaru vermieauda (PL 2, figs. 1 to 4). A tnlobite, Olenus 
mierums (PI. 2), was discovered lower in these strata, by 
Mr. Selwyn at Cwm-Eisen, near the base of the Lingula flags, 
and it occurs near Dolgelli, Tremadoc, and other places. Many 
more trilobites occur near Tremadoc, which will be mentioned 
further on. 

The Lingula beds of Merionethshire are in the north, near Tre^ 
madoc, overlaid by Tremadoc slate, and there and elsewhere by 
felspathic ashes, interstratified with slaty Llandeilo flags. Llandeilo 
beds also overlie the igneous rocks of Cader Idris, Moelwyn, &a 
Unlike these porphyries, which lie in a well-marked horizon, the 
igneous rocks of the Lingula beds are discontinuous and patchy, 
arising from the drcumstance that they principally consist of 
dykes and intruave masses, chiefly of greenstone, while a few 
are more purely felspathic. Both kinds occupy large spaces 
between the estuary of the Mawddach and Cader Idris, and 
great intrusions of greenstone occur south of the river, where 
it bends to the east below the northern flanks of Rhobell Fawr, 
itself the greatest mass <^ greenstone associated with the Lingula 
beds. They are also very numerous between the road from 
Ffestiniog to Bala and a Boman grave called Bedd Poms, about 
3 miles S.S.E. of Trawsfynydd. 

Igneous Rocks, — The great interbedded igneous masses already 
adverted to constitute the loftier mountains of the district, forming 
the ranges of Cader Idris and Aran Mowddwy; and west of 
tiie Bala road the same rocks, repeated by a fault, run from Pen- 
maen to Arenig (Fig. 8, p. 37, and PL 28, sec. 3), beyond which 
they spread to the eastward by Mynydd Nodol to Craig-ddu, and 
thence with a very irregular outline to Llyn Conwy and Moel- 
wyn, beyond which they bend to the south-west towards Llan- 
frothen, on the borders of Traeth-roawr. On the south-east and 
south the strike of the upper boundary of these rocks sometimes 
displays great regularity, but further north the line is more 
curving, irregular, and broken by numerous faulta They consist 



* Two miles west of Dolgelli 
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principally of varieties of felspathic rocks, generally divisible into 
consolidated ashy beds and felspathic porphyritic lava. These are 
regularly interbedded with each other and with the Silurian 
slates, and from their structure, arrangement, and effects on the 
strata, they are to an experienced eye easily distinguishable 
from intrusive rocks in the ordinary sense of that term. Their 
greatest development is on the east and south, between the Arenigs, 
the Arans, and Cader Idris. Throughout these ranges south of 
iVrenig the ashy beds chiefly lie in well-defined strata below the 
felspathic lavas, and almost all the non-intrusive igneous rocks of 
Merionethshire have been formed in Ihat stage of the Lower 
Silurian period corresponding to the Llandeilo flags. 

Though at first sight we might be apt to suppose that much 
confusion would prevail in a highly disturbed country, where 
igneous rocks so much abound, yet when carefully dissected the 
structure is found to be comparatively simple, resolving itself 
into certain definite slaty masses interstratified with bedded ashes 
and lavas, which have subsequently been complicated by contor- 
tions and faults. The published 6-inch sections prove this point, 
and by their aid and that of the illustrationa that accompany this 
Memoir, I shall endeavour to make it plain. 

lAngula Flags north of the Mawddach, — I shall now describe the minuter 
stmctiire of the Lingula fla^s between the Cambrian grits of Barmouth and the 
estuary. The section that illustrates the country drawn in a south-east direc- 
tion from LlawUech to the Bala beds near TaU-y-llyn is specially adapted for 
this purpose.* No. 1, R. 28. 

On the eastern slopes of LlawUech the Cambrian rocks are composed of the 
usual hard and generally thick-bedded greenish grey coarse gnts and con- 
glomerates, with occasional thin interstratifications of dark blue and purplish 
blue slate. The grits are often veiy felspathic, and the grains both of felspar 
and quartz being frequently imperfectly angular, impart a somewhat crystallme 
aspect to a fresmy-fractured surface of the rock. 

Between Llawllech and Y-fron-heulog the section crosses the same set of 
beds as those that are so beautiftilly exposed at Aber-rhamf&och on the coast, 
about half a mile east of Barmouth. 

Dark blue slaty Lingula flags occupy nearly the whole of the right bank of 
the Mawddach, between Aber-rhamffiroch and Llanelltyd, the decomposition 
and oxidation of the iron pyrites giying a rusty tinge to the rocks and soil, and 
originating the name of a place (Cae-goch, or the red field) near LlaneUtyd. 
A long synclinal tongue of these beds fonns Banc-y-frain, and runs to the veiy 
summit of the ridge of Llawllech above Llynbodlyn. At this point I found 
small Lingula, Like the neighbouring Cambrian rocks, this tongue is inter- 
sected by a number of greenstone dykes, which run principally along the line 
of strike. At its south-eastern boundary the basement line turns sharply to 
the north-east, and from thence trends sJong the flanks of the hill north-west 
of Llanelltyd. The average dip is south-easterly, with various undulations, the 
nature of which, together with the arrangement of the Cambrian grits of 
Llawllech, will be best understood by reference to PL 28, No. I, or to the 
Horizontal Section Sheet 26, line 2. The rocks are frequently much cleaved, 
the dip of the cleavage being towards the south-eaat and north-west, but more 
firequently the former, in accordance ^iith the average dip of the strata. Its 
angles vary from 76° to 95°. Beyond Llanelltyd the same beds strike more 
northerly, following the course of the Cambrian strata, and occupying both 
banks of the river by DolmelynUyn to Rhaiadr Mawddach. The red ferru- 



* See also 6-inch Section, Sheet 26, lines 1 and 2. 
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giaooB hne of tiie rocks is rtrikiimlf maniiested in the cliffy iuQt at Pnubos 
oppomte the little inn of Tni'jr-groes. 

Near DolmeljnllTD, in the ma Camhu), clow above the bridge, the jnnctioii 
of the Cambriui uid SUoiian Btnta is clearly exposed, and as at Abo-rbam^och, 
their predoe limits are indefinite, bat a few jaids across the strike settles the 
matter. They dip nearly east from 4(C to Gif. A gn«iutone dyke, cutting 
the Cambrian gnts in the tine of strike, crosses the river a little above the 
bridge, and the regularity of the dip is there disturbed.* 

Between Barmouth and RhaiadrMawddsch the Lingnla beds are penetrated 
by more than 150 greenstone dykes, vaning horn a (mr yards to nearly a mile 
in length. A large igneous mass more than a mile in length and three-qnarters 
of a nSle in width, forms the heights of Hafoti-y-fedw, between Tyn-y-groes and 
the third milestone on the Dolgelli road. "Ac greater part of Mod Cynwch 
consists of the same rock, and also a large part of the hills between Tyn-y- 
Penrhos and Rhaiadr Mawddach. 

^%'hen the masses are tolerably la^e they are occasionally columnar, tho 
colnmms generally bing at right angles to the indination of the dykes. Many 
of than ate imperfectly ciy^lliied and light ccdoured, owing sometimea to 
the presence of a conaidcnble proportion of felspar. In many other* thor 
chancter is somewhat peculiar, msotaz that instead of bong prindpally con- 
stituted of ordinary dark green honihlende, tiuy chiefly contam a pearl-grey 
variety, and almost all of them are so calcaieons that tht^ elbrvesce brisk^ - 
with arida. 

Unlike the m^ority of the dykes that pierce the neighbouring Cambrian grits, 
those in the lingula beds show a genenJ tcndenin to run in the line of sbtka, 

otwithstaoding that inm 

it unlikely that this may ai 
brian strata are much jointed, and were fractured irregularly when the fcrma- 
tions were disturbed ; whereas in the softer and more yielding Ijngula beds 
the intruded matter was apt to insinuate itself between the Unea of bnlding. 

Oq the sides of the hills the dykes in the Lingula beds freauently rise in 
broad flat sur&ces, dipping at high angles in conformi^ with tne inclination 
of the strata, in ^le manner shown in the accompanying diagram in Dyke 

Fig. 1. 



flence, when beginning the examination of the country, it was supposed fhxt 
these were beds of igneous matter spread contemporaneously with the depo- 
sition of the mud and sand now forming the lower beds of the Lingula flags.f 
TU* position, however, became untenable when it was observed that, though 
the majority run in the strike of the country, they yet are apt to break athwart 



■ Oae of the horiiontal sectioni (Sheet 37, line 3) crosses the hoondary hne ahont 
2 miles farther north, neariy half a mile soolh of Bhsisdr Hawddwsh. The suns 
easterly dip prevails, and the rocks of the neighbonrbood (which sooth of , Mod-bafod 
Owen are talcose) are in part altered and othenrise affected by hxrnsions of green- 

t Sa Memoir by Messrs, Jukes and Sdwjn, GeoL Jonnul, voL 4, p. 800. 
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the beds at small angles (No. 2.)> and sometimes (like the dykes in the Cam- 
brian ^rits) to cut across the strike altogether. The pierced rocks are often 
slightly bleached and hardened at the points of contact. 



CHAPTER V. 
The Kakge of Cades Idbis. 



General Description, — From Dolgclli to the sea near Barmouth, 
with various undulations, the general dip of all the beds is south 
and south-easterly, at angles averaging from 40^ to 60^ ; and from 
the Cambrian rocks on the right to within a mile inland of the 
left bank of the estuary the section seems to maintain an unbroken 
ascending order. Eventually the rocks plunge beneath the igneous 
masses that form the range of Cader Idris (PL 28, Fig. 1.)* As on 
the opposite bank of the estuary, Greenstone dykes, more or less 
intruded between the beds, are common in the line of strike. 

Greenstones, Sfc, — Instances occur on the shores of the estuary, in Garth 
woods, and on and near the road between Capel Arthog and Penmaen. One 
of them, about 4^ miles &om Dolgelli, is crossed by the section (Sheet 26, 
and Fig. 1, PI. 28). It is slightly calcareous, about 400 feet thick where 
crossed by the section, and, like others of its class, it slightly alters the 
beds for a few inches from the junction on either side, thus, even while 
partaking of the average dip of the beds, affording good evidence of its 
intrusive character. 

These greenstones interfere but little with the run of the greater 
masses of strata. But in the higher parts of the series^ around 
Dolgelli, and far beyond to the north-east and north, the igneous 
rocks in great part differ from the dykes in the Cambrian rocks 
and Lower Lingula flags, in so far that the greenstones are 
generally on a greater scale and run in long continuous lines over 
large areas. Besides these, felspathic porphyries of a type not 
met with in the area before described, occupy, across a considerable 
width, the mnjor part both of the surface and solid body of the 
country. 

On the hill between Dolgelli and Aberdysynni f there are several lines of 
greenstone. The largest, near Capel Arthog, is nve miles in length. In general 
they di^ east, south-east, and south, following the curved strike of the langula 
flags with which they are associated. They are often very homblendic and 
highlv crystalline, especially on the hills overlooking Capel Arthog. Were it 
not that they sometimes slightly cut across the strike and bifurcate, and also 
that they alter the slaty flo^s alike at their upper and lower margine, they 
miflfht on a cursory observation readily be mistaken for contemporaneous lava- 
beds, and the same mistake might be made with others of their kind throughout 
the whole of the igneous districts of North Wales. Four lines of greenstone 
occur within a mile of the coast between Llw^ngwrilJ and Aberdysvnni. The 
alteration of the beds in contact with them is well shown on the hills imme- 
diately north of the mouth of the Dysynni, where parts of the Lingula flags are 
bleached and porcelanic, their high easterly dip, especially above Tid-y-cerrig, 
remaining perfectly apparent. 



* See aUo Section 26, lines 1 and 2. 

t On the coast, 9 miles south of Bamioutli. 

X Near the coast, 4 miles south of Barmouth. 
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The general arrangement of the greenstones on the hills sooth of the 
Mawddach is well sbo\vn where the section crosses by LlTn-Tr-Wylfa between 
3 or 4 mUes W.S.W. of Dolgelli (PI. 2H, No. 1, and Sectiin 26, line 2). They 
are there represented dipping sonth-east, and at the same time cutting the 
strata somewhat obliquely. They are respectively about 100 feet» 150 feet, and 
300 feet thick, and the upper bands are joined beneath, it being infened that 
this takes place at no great depth, seeing that both branches unite at the 
snrfiux a little further to the south-east. 

Between Llyn-creigenen and Gelli-lwyd-fiswr (two miles south-west of Dol« 
gelli) there is a mass of felspathic trap slightly speckled with hornblende. It 
weathers yellow, but its fresh fracture is blue. A glance at the map shows that it 
lies somewhat obliquely to the actual strike of the countzr. Its relation to the 
other rocks east of Llyn-yr-Wylfii is expressed in PL ^,fig. 1, P,* and the 
general inclination there indicated is well seen in the cUIEb above Llyn-creigenen. 
Like many of the greater masses of erupted matter of a deep-seated type, it has 
not been injected in the form of a boss, nor yet into a mere elongated ragged 
fracture, but, like the neighbounng greenstones, has risen towards the surface 
mote or less between the beds, seeking in these lines of weakness a vent at 
some point since removed by denudation, before those latter disturbances 
ou air i e d that tiirew both stratmed and igneous rocks into their present curved 
and inclined positions long after the local volcanic irruptions of Lower SQurian 
date had ceased. At its north-east extremity it is surrounded by slaty Lin- 
gula flags. Gradually cutting its way into higher beds as it passes to the 
soutfa-wnt, it breaks through and across long lines of greenstone and bedded 
volcanic ashes. 

Felspathie porphyries. Ashes, Sfc. — In ascendiiig order the 
Liingnla flags cease some distance bolow the interbedded igneous 
series of Merionethshire, being sometimes overhiid by Tremadoc 
slates, or by the eq^iiivalents of the Lower Lhindeilo flags. On 
this horizon they may be traced northward by Ffestiniog and 
Tremadoc, although lithologically it is not easy to draw a 
boundary line between them and the Tremadoc and underlying 
Liinguia beds. 

The LJngula flags on the south side of the estuary are intermingled with 
bands of dark earthy and very pyritous slate, somewhat similar to those 
on the opposite shore, and these chiefly occur in the higher part of the 
series, ana afford an inferior roofing slate that has been quarried, often with 
little profit all round the anticlinal boss of Merionethshire. The minute inter- 
stratifications of siliceous and more feUipathic and aluminous matter in the 
banded beds seem to have debarred the development of a close and regular 
deavage, and the decomposition of the iron pyrites, in which they abound, 
causes the laminae to scale off, and injures the quality of the slate. 

The ashy beds oF Cader Idris and other areas are of great 
extent and thickness, and play an important part in the igneous 
series. On the horizon of the Llandeilo flags they begin 
on a small scale on the south-west, and, sometimes interrupted, 
extend from the neighbourhood of Llanegryn ^11 miles south- 
west of Dolgelli) round the south-east, enst, and north of the 
Merionethshire anticlinal curve. For the mo6t part they are asso- 
ciated with contemporaneously beddedf felspathic lavas, and the 
presence of the ashes in mapping lends great aid in the separation 
of the lavarflowa from occasional intrusiye felspathic masses, similar 
or identical with them in lithological structure. In many other 

* Ch- in Section 26, line 2. 

t U&ed in the sense of lava-flows, contemporaneons with the formation of the 
Lower Silnrian marine strata among which they lie. The proof that the rocks tenned 
a»hcs are so, is necesearily deferred till they have been d^acribed more at length. 
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points besides, the worldng out the solid geology of the lower 
i»Deous seriea of North Wales materially depends oa the distribu- 
lion of the volcanic ashes. 

Less than a mile north-east 6t LUnegrjn they conaiat of two aeta of betis 
si'ljarated far the apace of about '2i milea bj an interatr&tified band of alftte. 
'J'he ttsliy beds then coaleace, either by the thinning out of the alate to the 
north, or more probably by the ((radufj passage of that rock into ashes, owinjt 
to the admiiture of volcanic mutcrial, for the boundary lines are not always 
definite. The following diagram will explain their arrangemeot. 



The rock {No. 4) conaiats of verv calca- 

{^ n reous brown and green »andy felapathic ashes. 

-g Further south there is a small band of fcreen- 

"S stone on its east ude, near Allt-lwyd, and 

Sj another more than 3 mOes long (No. 6). whieh, 

% ^ north of Pen-y-Crflg, skirts the ash on the 

£ I ^ west, separating it Erom the slaty beds 

5 ^ g below. It then cuts across the strike of the 

? S.S ''^''7 ^^^ ^ degrees, and terminates against 

3 j S the felspathic trap of Llyn Creigenen. 

^^ Under the ashes the rocks of Gallt-ffynnon- 

^ * yr-hydd * are low in the Lingula aeries (No. 2), 

i and taking this in connexion with the strike 

K^ of the junction beds at Barmouth, there can 

^^ be no doubt that nearly the whole thickneaa 

H ^ of the Lingula flags is comprised in th$ apace 

"1^=3 between the lartter greenstone dyke and the 

^"S sea, and unless the &igs be prolonged beneeth 

>^ M the sea by undulation, the Cambrian grita 

ri . (No. 1) must form the bed of the aea imme- 

it "^ diately west of the cliff, in the manner shown 

. « in the diagram No. 2. Possibly the sunken 

■^ « reef of Sam-y-bwch, opposite Aber-Dyaynni, 

.a J mav indicate the continuation of the Cambrian 

ji, t^ rocks, since the strike continues in that direc* 

a _-^ tion. Further south it is needless to speculate, 

a S'^ for the whole is modified by the Itala liult 

tGiv that probably passes through Tal-y-llyn, down 
g the valley of Afon-felindra to the sea. It is a 

'S downthrow on the north-west. South of thia 

<3 B fault, on the hills between Aber-Dysynni and 

i5 the Dovey, the strike becomes much more 

'-■ ^ easterly, and higher beds by degrees come in. 

.',' llie probabilities, therefore, are that beyond 

^- " 11^^' this point the outcrop of the Cambrian rocks 

' >'' may lie far out at sea. 

At Ffordd-ddu, nearly 2 miles south of Capel Arthog, the upper boundary 
of the ashes crosses the road. An unusually black slate (probably belonging to 
the Llandeilo fli^a) overlies it, whence the name of Ffordd-ddu, or the black 
road. From thence it strikes east towards the third milestone, near whidi it 
is cut off by a branching mass of greenstone and a fault, that passes from this 
point by Dolgelli to the aiith milestone on the Bala road. Not only has this 
part of the ashes been penetrated by branching greenstones, but the felspathic 
rock alreaidy described cuts across the aahea north-east of Llyn Creigenen, also 

* 3} miles BODth of Bannontfa, 
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pFobth^ indieitiiiff the prior origin of thcM taSba to the intnuioD of thu 
pariiciJar niaaa. At tiie point cxoswd by the iection * the &ult mentioned 
•bore IB > downthrow on the north-we«t of »bont 2,000 feet. On Ha Bootb 
aide is m ire* ocmpied by fel>p»thic porphyry of aboat » mile in length, 
F, Fig. 1, PL 28, Tlie mme whe*/' lie above it, and it therefore is likely that 
the two telapathic nissae* were once united and are repeated by the faolt, eren 
dthongh, being intmnre, they occupy shghtly diSetcot hoiizoni. How the 
bolt enda on the wnth-west is aocertain, but above the btilk of the aaho 
ibat is a l^e maag of roufh felapathic porphyry, which breske acroaa the 
•trike of the bed* on the chSs on other aide of Uyn Cyri, and ipreada bf 
Hynydd Pennant over a broad tract towsrda Llan fihan gel-y-Penaant, where it 
branches to the eart, pwtly interrupted l^ a nmth and Bowth fimlt that throws 
the rocks down on the we«t between Rhiw-gyriedydd and TVau-mawr.t 

CaiUr Idrit.— If we examine the section on both sides of the faolt that nms 
Dorth abont 2 milca west of the Eununit of Cader (driB,t we shall find that in 
raite of intmnTe rocka the massM nearly sssmne the general order shown in 
toe ftdlvwing dioitrwD : — 

Cadbk I drib. 
Bbiw-fyriedydd- 



1. Calcareous and fidspalhic ash (IJandeilo). 

2. Felspar pcsphyr;. 

3. IJandeilo beds. 

4. Greenstone, instmore, and brsnching. 

5. Felqathie and calcsieou ash. 

6. Llandeilo flags (Mack slate). $ 

East of the bolt the porphyry lies with great regularity on the oJcareous 
ashes, which here strike east and west ben^h the northern cliffs of Cader 
Idris. The sahy beds are sbout 3,300 feet thick. Their position will he 
nndovtood by reference to/', PI. 28, No. 1, orto the horizontal sectim, sheet 26, 
line 3, where they are described by Mr. Selwyn as consistii^ of " vesicular, 
" calcareous, and felspathic ashes, iuterstratifed with arenaceous and felspathic 
** slaty beds, genenUly more or less ashy, and sometimes conglomeratic and 
" brecoated." Where they are crossed by this section greenstones g are intruded 
into them, partaking of the dip of the country, yet partly catting across the 
beds. 

Within 100 feet of the upper boandary of the ashes is a band of blue slate, 
from 80 to 100 f^ thick, wbich passes eastward in the same sbatigraphial 
position as far as the Dolgelli and Machynlleth road. It is succeeded by50or 60 
feet at highly porphyritic hard felspathic ash, above which is an enormons mass 
of felspar porphyry /, often columnar. Beautifully symmetrical colnmns stiew 
the slopes of Cymry, and give a special character to the tsliSb. They are often used 
forgsteposts. On the northslopes of Cader Idris theporphyryisjointed, espe- 

■ Stt Hap 59 N.E., ^ of a mile sonth-wett of the third nuleftane Section Sheet 86, 
line S, near the Dolgelli and Towyn roods, and Diagram No. 1, PL 2S. 
t On the Cader Idris range, 4 miles sonth-west of Dolgelli. 
t See the I-ineh map«e>t of Che C. of Cader Idris. 
I This has beoi too maeh speckled in the engraving. The Unei ooght to be 



28 THE GEOLOGY OF NOBTH WALES. 

■ 

cially on Mynydd Mawr, where the joints have all the regularity that they some- 
times assume in granitic masses, llie broken ground at its base is strewn with 
blocks that have fallen from the cliff, some of which in dimensions may be 
compared to small houses. These lie in large, irregular mounds, and probably 
owe this arrangement to the time when the hollow between Cader Idris and 
Mynvdd-Gader was packed with ice. The tinkUn^ sound of flowing water is 
heard beneath the stones, and the smaller earth havmg been removed by it, the 
larger masses tumbled in^ and the irregularity of the surfoce has been thereby 
increased. The parent rock is slightly homblendic, and is here about 1,700 feet 
in thickness. Except where broken by Remits, the same great mass is con- 
tinuous from hence along the long ridges to the north end of the range of 
Aran Mowddwy. Resting on this porphyry, south of Cyfiwy and Llyn-y-Gader, 
are beds of blue slate s. Fig. 1, PI. 28, of 200 or 300 feet in thickness. These 
are succeeded by a band of greenstone g, about 250 feet thick, which, though 
seemingly interstratified, is certainly not contemporaneous, seeing that it 
branches near Tyrau-Mawr, and on the north cliff of Cader Idris it alters the 
slate both above and below into a species of porcelanite. 

In ascending order, where crossed by the section (No. 1, PI. 28), the 
greenstone is succeeded, first, by 60 or 70 feet of blue slate; secondly, by 
Too feet of hard porphyritic felspathic ash f ; then by 20 or 30 feet of blue 
slate, on which rests a thick mass of vesicular and hur^ely botryoidal green- 
stone g. On the surface the vesicles are often empty, but in the body of the rock 
they are filled either with quartz or carbonate of lime, and sometimes with 
both, as if one were removed and replaced by the other. The kernels are 
frequently coated with chlorite. The |(reenstone is about 500 feet thick, 
and forming the summit of Cader Idns, stretches down the south side of 
the mountain, on the dark and broken mounds that roughen the slopes 
above Llyn CaiL The slate in contact with it is altered, being hard and por^ 
celanic. On the northern cliff of Cadir Idris, overlooking Llyn-y-Gader, idl 
these traps and slates may be seen bending along the face of the crag, and a 
bold climber may descend in the gulhes, and walking along the ledges mark the 
effect of the traps on the associated slates. 

The bottom of Llyn Cau, and the ground fiirther east and west, is occuniad 
by about 900 feet of blue slate tf, resting on the greenstone. It is sparingly 
intermingled with thin bands of felspathic ashes, and sometimes the true slaty 
matrix contains small detached felspar crystals, entire or fragmentary. On the 
south side of the lake, resting on this slate, there again occurs a mass of felspar 
porphvry/ about 1,500 feet thick. It is sometimes rudely columnar, and has 
been described by Mr. Selwyn as a " grey and brown slaggy felspar trap, often 
'* porphyritic, with small crystals of glassy felspar.*'* Its general character 
resemoles that on the north slope of Cfuler Idris. 

A cursory examination of the section alone would lead to the conclusion 
that these great bands of porphyry are essentially distinct, and that following 
as they do the southerly pitcn of the strata, they represent two enormously 
thick lava beds that flowea abroad on the muddy or ashy sea bottoms of the 
time, being separated bv a long period represented by the accumulation of 
more than 2,000 feet of intervening stratified and igneous rocks. Such how- 
ever is not the case. Interbedded as they appear, they are probably in- 
trusive, owing to the circumstance (see Map 59 N.E.) that they break 
across the .strike and unite on the west at Twll-yr-ogof, and on the east 
by the brook that runs from Llyn Cau in the dim;tion of Minffordd, thus 
at both ends cutting out the stratified rocks that separate them in the inters 
vening space. 

It is a striking fact that none of the igneous rocks from the Mawddach to 
Tal-y-Uyn, except the ashes, are certainly contemporaneous. However regular 
their dip, aU the rest seem to be intrusive. Of the 4,000 feet of igneous rocks that 
dip southerly from the base of the Llyn-y-gader trap, not more than about 400 
feet of ashes were contemporaneously formed with the slates amid which they 
lie. The rest are of somewhat later oate. This will be subsequently explained. 
In the meantime it mil be well to repeat the remark already applied to the trap 
of Llyn Creigenen, that, at least over what is now the western part of Cader 



* For an explanation of the term slaggy, as here used, s€e p. 123. 
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Idris, all theae neat felspathtc maasM ttan to have been injected more or leaa 
between tbe beds, and like the greenstones bave since been disturbed by tlioae 
later forces tbat threw into great curves tbe wbole of tbe rocks of tbe countij. 

West, Eonth, and eiut of Dolgelli patches of greenBtoDe have 
been protruded amid the strata, the irregular fonne of the igneous 
rocks being in some degree due to the contortions of the Lingnla 
flags among which they lie. Partly in the town and partly to the 
south-west of Dolgelli there is a boas of greenstone, largely cryfr- 
talline on the Towyn road, but decomposed, soft, and earthy on 
the surface by the banks of the brook below Pandy. 

In no part of this country can a clearer idea be obtained of the 
nature of its rocks and of their order of superposition than on the 
space that lies between the ridges of Mynydd-gader and Mynydd- 
Moel, for there elates, aefaes, and felsjmthic porphyries lie in 
r^ular order, unbroken by faults and uncomplicated by con- 
tortion. As it is typical of the wbole area between Cader Idris 
and Arenig, I ehaU, with tbe help of digram fig. 4, attempt to 
expliun its det^ls. 

Fig. 4. 
Skction bbtwbk!! Mynydd-Mobl and Mynydi>-Gadrr on thk North 



Between Dolgelli and Cader Idris the Lingnla flags are much 
disturbed (No. 1). Under the greenstone (No. 2), there is 
a bed of very black carbonaceous shale, once mistaken for 
and fruitlessly worked aa plumbago. The greenstone breaks 
somewhat irregniarly through the slaty and ashy beds, thrusting 
short veins into the strata, which are hard and flinty in its 
immediate Ti(nDity. No. 3 is a fine felspatbic bedded breccia 
which seems aa if it had been porcelanised by the green- 
stone. Kude concretionary agates sometimes form an integral 
part of its mass. It is succcaded by a felspathic conglomerate 
(No. 4) seemingly unaltered. A slaty band (No. 5) rests on 
this, above which are beds (No. 6) of felspathic ash, conglomerate, 
and stratified amygdaloid, mingled with irregular beds of slate. 
No. 7 is composed of felspathic ash beds, fine conglomerate, 
lapilli and volcanic sand, intermingled with thin siliceous layers. 
Nos. 8 and 10 are greenstones enclosing dark slate and ashy beds 
No. 9. Na 11 is composed of calcareous ash and mbbly vesicular 
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conglomerate. No. 12 is a fourth mass of intrusiTe greenstooe, 
above which are beds of calcareous ash and conglomerate No. 14. 
These pass into a vesicular ashy conglomerate more than usually 
calcareous, and this is succeeded by a thin band of black slate 
(No. 15), on which rests a hard porphyritic felspathic ash (No. 16) 
These last are the equivalents of the two bauds underlying the 
Llyn-y-Gader trap,* and the felspathic and often rudely columnar 
trap of Mynydd-Moel (No. 1 7) is a condnuation of the intrusive 
mass of Mynydd Pennant, Cyfrwy and Llyn-y-Gkder. The 
calcareous ashes and conglomerates below the trap of Mynydd- 
Moel are about 2,000 feet thick, and the more telspathic ashes 
and conglomerates, mingled with slaty hands that lie between the 
calcareous ashes and the greenstone of Mynydd-gader, about 
1,500 feet thick. These thicknesses nearly correspond with those 
of the same rocks as shown in Section No. 1, Fl. 26.1 The 
whole of these bedded igneous rocts and slaty strata above the 
lower' part of No. I (fig. 4), belong possibly partly to the 
Tremadoc beds, but chiefly to the Llandeilo series, and a mile to 
the south-east of Mynydd-Moel black Llandeilo slates rest on 
the trap. There are many similar sections in Merionethshire, and 
I therefore draw attention to this one at an early stage of the 
Memoir that the reader may understand the numerous alternations 
of different kinds of volcanic matter (interetraldfied with beds of 
slate) that make up an entire thickness of more than 3,000 feet ; 
the result of many volcanic eruptions probably far apart in time, 
that ejected clouds of duet, sand, and stones to be spread abroad 
by the sea and piled upon each other in slow succession, inter- 
mingled with buids of muddy sediment (now slate) indicative of 
periods of greater repose. 

Throngh the whole length of the upland valley that lies between 

Cader I&s and Mynydd-gader, the ashes, especially in their 

lower beds, are penetrated by numerous injections of ^eenstone 

similar to those indicated in the above description. They vary 

from a few yards to about a mile in length. So intimately are 

they intermingled with the slates and ashes that it is difficult in 

mapping to separate them, and quite impossible to represent them 

"~""--*"'y on the 1-inch scale of map, for the smaller bands are 

y a few feet thick. The larger ones are, however, some- 

reral hundreds of feet in thickness, and all of them run 

lost part between the beds either in or nearly in the line 

. They are frequentiy columnar, the columns lying at 

gles to the dip, as shown at 1, 2, 3, in the following 



Fig. 6. 
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The flat ends of the colamns, where once they abutted on the 

superincumbent strata, being exposed by denudation^ often present 

a beautifully tesselated appearance. 

One additional diagram may suffice to explain tike stmctuie of Cader Idria. 
It represents the general arrangement of the rocks on a N.N.W. line, between 
Fron-fraith, about 4 miles S.S.E. of Dolgelli, to a point within 2 miles of the 
town, and is partiT given to show the repetition of the igneous rocks by faults, 
one of whidi, as it ranges north-east towards Bala, produces a great effect on 
tike physical geography of the oountiy. 

Section from Mynydi>-Cei8wyn to Geu-graig near Dolce lli. 

a&E. Craig-y-Uam. N.N.W. 

Mynydd Ceiswyii. | | Geu-grsig. 




f 






1. Uandeilo flags. 

2. Felspar porphyry. 

3. Greenstone. 



4. Felspathic ashes, &c. 

5 and 6. Slaty bands in No. 4. 

/. Faults. 



In this diagram the strata No. 1 represents the hladc slates supposed to he 
Uandeilo flags. No. 2 the felspathic porphyry of Mynydd Ceiswyn, Craig-y- 
11am and Gen-graig. These igneous masses are equivalents, heing repeated by 
two large iauHs (/). The rocks marked No. 3 are greenstones intruded 
between the beds. No. 4 rnnresents in their usual position beneath the por- 
pfayiy the calcareous and felspathic ashes previously described. No. 5 beos of 
slate intermingled with these igneous strata, and No. 6 some upper beds, 
probably of the Lower Uandeilo flags. There is no marked difference between 
tike rocks on this line and tiiose fiuther west ; the slates are the same. The 
lelqnr porphyry. No. 1, is perhaps less massive looking; that is to say, it 
possesses leu of the character that belongs to the more deep-seated igneous 
rocks, for it is less crystalline than the columnar and jointed masses of Cyfirwy 
and Mynydd-Moel, and specks of hornblende sre more rare. The ashes are 
still oonglomenitic, calcareous, and often vesicular, and a highly porphyritic 
bine band lies at the top, identical with that which underlies the porphyry of 
Myi^dd-MoeL Though porphyritic it is readily distinguishable from a genuine 
ciysbdline porphyry, for its crystab look not as if separated from the matrix 
during the process oi cooling, but rather as if they had been showered out 
along with and nkechanically embedded in an ashy paste. They are, bemdes, 
often broken, and pebble-like fragments and slaty flakes occur in the envelop- 
ing spatiiose matter. The greenstones of Geu-graig [ut diagram) have a 
mbbly look, as if the mass in ooohng had arranged itself in luge spheroids, 
which occasionally show a tendency to angularity at tiie sides, approaching to 
the columnar structure. On the whole, mey strongly resemble the rock that 
fonna the cvest of Cader Idris. The ashes are of mudi the same tiiickness as 
in the previously described sections. The felspathic trap is about 1,800 feet 
thick, <mly a little thicker than the Uyn-y-Gader division of the same rock on 
Cader Idns. 

Of the two faults shown in the diagram, tike more weateriy, whidk passes 
through Uyn Trigraienyn, is a continuation of the great Bala fault, and the 
otiker, though apparentiy of nearly equal magnitude, is lost on the south-west 
amoikg the slates. On the north-east it perhaps ends against the small north- 
west diftlocation that Hes between Waun-oer and Cribin-&wr.* 



J* One mile and a half south of the fifth nulestone on the road fhnn Dolgdli to 
Dniaa Mowddwy. 
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North-east of Geu-graig for several square miles the structure of the country 
is exceedingly complicated by faults, greenstones, and contortion of the rocks ; 
the whole being rendered yet more obscure by the deep drift that covers many 
of the valleys and slopes round Caerynwch and the Cross Foxes.* 

The Geu-graig greenstone spreads out towards the norths because of the 
gradual decrease of its inclination. It has been stated that a band of slate 
overlies it (diagram fig. 6). Both greenstone and slate are cut off near Geu- 
graig by an east and west fault, which, being a downthrow on the south, has 
thrown the Geu-|rraig rocks forward AH)m Hafod-oer above the turnpike road. 
This result is assisted by the western downthrow of the great Bala fault, which, 
it is inferred, here passes by the turnpike road underneath the drift on its 
passage to the valley of Tal-y-Uyn. At Geu-graig and Hafod-oer, the sections 
are, in fact, identiccd, and consist in descending order of felspar porphyry, slate, 
greenstone, and true felspathic ashes. 

Within half a mile north-east of Hafod-oer the greenstone is affected by 
two small dislocations. These coalesce byTy*n-rhos and resolve themselves 
into one fiiult, Which passes across Pen-bwlch-coch from east to west, and 
throws down the ashes against the greenstones that lie about their base 
between the Gwen-graig and Pen-bwlch-coch faults. These greenstones, with 
others of their class in Merionethshire and Caernarvonshire, though manifestly 
injected, are, like the bedded felspathic rocks, invariably affected by the con- 
tortions of the rocks and the faults of the distnct, proving the injection of the 
greenstone before these disturbances took place. 

The gradual passage of the same greenstone from one stratigraphical horizon 
to another is well shown in the triangular space that is enclosed between the 
Bala, Dolgelli, and Pen-bwlch-coch ntults.f Immediately north of the last, 
this greenstone passes somewhat obliquely to the strike, from the slaty beds 
below entirely across the ashes, and intrudes itself into the overlying febpar 
porphvry, which is here repeated by the Bala fault, and forms a long narrow 
band between the neighbourhood of the sixth milestone on the Bala road and 
that part of Foelseudian which lies 3i miles east of Dolgelli.]; 

Another large and irregularly branching mass of greenstone lies between 
Tjrddyn Mawr§ and Pen-ar-Wnion.|| On the whole, the Tremadoc and Lin- 
gula flaffs lie beneath it, and three times in its windings it abuts on the Dolgelli 
fault, which here, by a north-western downthrow, again brings in the ashy 
beds on the south and east of Moel Oifrwm.lF 

Near Dinas Mowddwy a north-west fault passes up the valley of Afon Geiyst 
to a place called Esgeiriau, where it joins the Bala fault near the sixth mile- 
stone previously mentioned.** Tlie rocks dip easterly, and are thrown down on 
the south-west from 2,000 to 3,000 feet, causing the felspathic trap to abut 
against the ashes on the north slope of Penbryn-fforchog. West of tne Dinas 
Mowddwy fault, near Esgeiriau, the Tremadoc slates and Lingula flags dip 
south-east at angles of 35^ and 40°. Above them he the ashes, and these are 
succeeded by the same felspar porphyry that forms the ridge of Cader Idris, on 
which rests the dark blue or black Llandeilo slates that run all along the strike 
between the south slopes of Cader Idris and the eastern flanks of the Arans. 
The same porphyry also forms the centre of an anticlinal axis on the turapike 
road, about 2 miles north-west of Dinas Mowddwy. (flg. 7> p* 35.) Its eastern 
continuation is cut off by the fault, and the slate having been removed by denu- 
dation from the crown of the arch, the igneous rock is exposed in the valley of 
Afon Geryst. 

* East of Dolgelli from 2 to 3 miles. 

f The Dolgelli &alt passes through Dolgelli to the sixth milestone on the Bala 
road. It there joins a great branch of the Bala fault which runs north by Y-Dduallt 
and Moel-Uyfh-nant to the Bala and Ffestiniog road near Tai-hirion. The Bala 
fkult runs firam the sea near Aber Dysynni to the edge of the New Red Sandstone 
near Hope, a lengtii of about 60 miles. 

I Maps 59 N.£. and 75 SJS. 

§ One mile and a half E.S.E. fh)m Dolgelli. 

II Above the Bala road 4^ miles north-east of Dolgelli. 
4 Two miles and a half N.N.E. of Dolgelli. 

♦♦ Maps 59 N.E., 60 N.W., 74 S.W., and 75 S.E. 
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CHAPTER VI. 
The Range of the Asans — The Baul Fault. 

General DescripUarL — Aran Mowddwy, ifc, — ^The whole of the 
rocks and of the Aran range dip a little south of east at angles 
yarying from 40^ to 70^, as shown in the section No. 3, PL 28 * 

The solid rock of the Arans much resembles that of Cader 
Idrisy bdng felspathic^ somewhat harsh to the touch, often 
porphyritic, sometimes columnar, and hj the occaaonal sparing 
deyelopment of hornblende^ sometimes assuming the character of 
a homblendic felspar-porphyry or very felspathic greenstone; it 
is about 2^500 feet thick. Two principal bands of slate occur in 
it on the western slopes, and others of a ramilar kind but shorter 
are found further south. The whole range, therefore, is not to 
be looked upon as one mighty laya-flow, but rather as the result 
of succesdve oulpourings from yent, some of the intenrals bdng 
marked by slaty inteistratifications. Where the section crosses 
the hill uie trap is separated from the ash by one of the slaty 
bands, which is indurated, as if by heat, like others in the 
range. The dark blue slirtes, howeyer, that rest on its upper 
edge are quite unaltered. The heat of the submarine laya 
current baked the muddy sea bottom oyer which it flowed^ but 
had no power to alter the sediment deposited on its cooled 
upper surface. 

The ashes /^ that underlie the porphyry /* resemble their equiya- 
lents near DoIgellL South of Cwm-y-dolau (between Aran Mowd- 
dwy and Drws-y-nant) they are frequently yesicular and calcareous, 
like many of the beds of the Cader Idris ranga North of Cwm- 
y-dolau they are but slightly and rarely calcareous. In general 
terms they may be described as consisting of a felspathic base, in 
which there frequently occur short patchy lenticuliur masses of a 
yery coarse felspathic yolcanic conglomerate containing fragments 
both angular and rounded, yarying from the size of a pin's head 
to 18 or 20 inches in diameter. The rounded fragments look as 
if waterwom, and both these and the angular pieces are for the 
most part composed of felspathic porphyry containing distinct 
crystals of glassy felspar. The weathered surfSeu^es of the 
rock best show its true character, and it then becomes q[»parent 
that much of it is composed of aggregations of broken crystals 
of felspar, confusedly imbedded in a hardened felspathic paste. 
Sometimes this structure entirely disappears in afreidily-fractured 
surface, but frequently eyen then it is apparent This is alike 
chaiacteristic of the porphyritic ashes of tiie Arans and Cader 
Idris, and may be accounted for on the suppontion that 
broken crystals were showered out with the more finely com- 
minuted felspathic dust, which is the chief constituent of the 



* &e a&D 6-i]ich sectioiw Sheet 29. 
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' matrix of the rock. Occasional thin alatj beds mingle with the 
ashes. The whole maes dips E.S-E. at angles of from 60° to 80°, 
and attains a thickness of abont 3,300 feet, so that we have here 
probably the representatives of the calcareoas ashes of Cader 
Idris, and of the felspathic ashes and interstratafied slates of 
Myndd-gader, that form the lower part of the series, as shown in 
fig. 4. Further north, however, both the overlying porphyry 
and ashes thin rapidly away, for at the end of the Aran range by 
Moel-ddu tb^ thicknesses have respectively decreased to about 
1,100 feet The inclination of the beds is also much less, in 
places not exceeding 30°. 

Lingula Bed*. — The description {pven of the Lingula beds near 
DoIgeUi applies to those between the Arans and the Bala and 
Dolgelli road.' They generally conust of grey fiaggy rocks, some- 
times CTitty, but mostly slaty, and often pyritous, and here and 
there uiey are interetratified with bands of dark bine and black 
slate. Between the great Bala fault which runs parallel with the 
turnpike road and the bottom of the ashes they dip steadily 
eastward, at angles between 45° and 70°, their total thickness 
being about 6,000 feet; a thickness gradmdly disappearing on 
the north, in consequence of the strike of the country carrying 
higher beds agunst the igneous rocks on the west or downcast 
side of the Bala fault. 

In the neighbourhood of Afon-Cwm-ocbr nmneroui ffieeiutone buids hare 
been intrudea, among the Lingula beds and the asbes; but noith-eatt of t^e 
felapathic trap of Y-Foel-ddu Uiese are comparatively rare. 

West of Aran Mowddwj the igneous boss of Y-Foel'ddu touches the ashy 
beda at Y-Gadft, bnd atretchea nwih towards the lower part of Cwm-j-dolaa. 
It thus pauea acroaa the lingnla bed*, newly from top to bottom, in a broad 
mass, the ({leatest length of which runs neany at right angles to the sbrike of 
the flags. LithologiMUy, it resembles the fbupathic traps of the Aians and 
Cader Idris, bdng for the most part a compact blue rock, o«caaionally veucular, 
weathering white or pale yellow. Its form shows its intrnave character, and 
whocTsr the Lingula flags an teen in contact with it, they an bleached and 
poicelmnio for a few inches bom the line of junction. 

Detailed Seetiotu. — Taken as a whole, the Aran section is the 
simplest of this part of the series in Wales, for all the Lower 
Silurian strata possess a steady unbroken easterly dip across 
the series of the Bala and Llandeilo beds,t over the fel- 
spathic porphyry and volcanic ashes, and &om thence &r down 
towards the Inse of the Lingnla flags. In its lower members it 
is more easily made out than the corresponding section between 
the Mawddflch and Cader Idiis,t owing to the general absence 
north of Cwm-y-dolau of masses of intrusive felspathic porphyry 
and nf iniivrt^ greenstones, which, nearer Dolgelli, induce such 
mplication in the details of the Lingula flags and 
rocks above them; for, beffldes being of all shapes 

xof the Lower Uaodeilo flagi has not yet been prored immediately 
of the Aiani, Inl as (hej occur weat of the grmX Bala hnlt (see 
. be little donbt that they also occur above the T ■■"£"'* Ssg* "^ ^' 
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and tSxea, and occtming at &U horizons betireen the Cambrian 
rocks and the base of the LUndello beds, their presence being 
as It were accidental, it becomes no easy matter to unravel in the 
field the geological intricacies of a moontuaons coontrj where 
felspathic porpbTries, ashes, and greenstones are often extemally 
BO much ahke that the most practised eye can scarce distingm^ 
them before the application of the hammer. Bat, notwithstanding 
these accidental oxnpbcadons, the foregmng descriptions make it 
erident that between the top of the Cambrian rocks north of the 
Mawddach and the Bala and Llandeilo beds that rest on the 
Cader Idria range, the general Silurian section perfectly resembles 
that of Aran Mowddwy, as low as where in the latter the Lingula 
beds are cot off by the Bala &ult 

Sonlti of the Anns between Nant Cwm-yr-Eglwri* and the twighboiafaood 
'*' *'—■"'" "u racks lie nnrlj aa ihown in the fbllowtng diagnm. 

SxciioB NoKTB-WE»r orDnue Mow nn wi. 

No«. 1 and 2 represent the mi»- 
poaed Usndeilo nag* and felspar 
porphyiT enrving in anticlinal and 
sjnclinu axea between Nant-cwm-' 
S ;T-EglwjB and the nortb-weatern 

■lopes vt Pen-brTn-ffbichog. Be- 
neath the porphjij lie the feupathic 
aahes, Nd. 3] theae are aocceeded 
br thie l-in[piU flan, and poaaiblf 
Iremadoc slatea, No. 4, which long 
before we readi their base are cut 
off bj tiie Bala Eault /, again bring- 
iaa in the tUsoar porphyry and aabea 
{yha. 2 and i) aj * downthrow on 
the north-west of aboat 7>000 feet- 
GreensUiDeg (No. 5), dipping irith 
the rocks, pierce them in two plaoea. 
North-eaJstof the Knas Howddwf 
a fiiiilt the rocks ate for about a mile 
1 slightlj complicated 1^ greeaitonea 
9 s wcl BerenJ minor dislocitioos. 
ij Tke Bala FmU. — l AtH now 
" notice some of the eAecta piodnced 
•J<rf>f-r>>S<^ br the gmt Bala bolt on the area 
between the Aran range and the 
Bala and Dolgelli road. 

The (fleet of &aa hah further 

soutb-wnt haa already been ahown 

in diagram No. 6, wnoe, between 

Cnug^-llam and Gen-giaig, the 

_ trapa nsve been thrown down on the 



babh^ about 4^)00 
ighbonifaoad, a lif " 



feet. In that neighbo _ 

berond tile tompike gate, the halt 
puses into the aihes, and being a 
Oownthiow on the north-west, the 
same beds are repeated, whic^, if 
the mapjung be ooncct, anffirimtly 
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accounts for the colouring on the map of the broad drift-covered tract pre- 
sumed to be occupied by ash in the countiy round the inn called the Cross 
Foxes. 

Still fiirther north-east, it has been shown (fig. 7)> that the fdsnathio por- 
phyry and ashes of Pen-biyn-£forchog have been thrown againt tne T i ing i ila 
oeas by the hxjlt f, and that the amount of this throw is probablv near 6,000 
fbet. when followed along its strike, this porphyry leads directly to that of 
Wenallt, Careg-Aderyn, and Penmaen.* 

lliese hills form a steep escarpment along the Bala road, and the Bala fault 
nms at their base as far as Pant-^wyn,t bevond which the line between the 
igneous rocks and the true ofoerlytng black slates and shales strikes nearly due 
north along the eastern flank of Arenig. From Pant-gwyn the fault passes 
into Bala iSkt, cutting df the whole of the rocks of the Aran range in their 
passage north. 

At the point crossed by the section (PL 28, No. 3),t the unbroken dip of 
the rocks oetween Care«-Aderyn and Aran Mowddwr, makes it practi<»ble 
very nearly to estimate the amount of downthrow by wnich the felstones and 
ashes of Aran Mowddwy have been brought to the level of Careg-Aderyn. 
Assuming what will afterwards be proved, that the felstone of Careg-Adeiyn 
is the equivalent of that of Aran Mowddwy, the foUowing are the necessary 
steps in the argument : — 

1st. Eastward of Can^-Aderyn the rocks dip steadily east at high angles 
showing no symptom of an anticlinal axis. The Aran Mowddwy fslstone 
porphyry is thfareiore not brought to Careg-Aderyn by a roll of the strata. 

2nd. It is evident by this repetition that the Aran Mowddwy rocks once 
extended, before their disturbance, in unbroken continuity in that direction. 

3rd. T^e beds between the fault and Aran Mowddwy resting conformably 
on each other, they have all been raised into their present inclined position 
together. 

4th. If we restore the continuation of the separate beds between the fault 
and Aran Mowddwy, and make an allowance for the thinning out of felstone 
and ashes to the nortii ; and if we prolong the fault upwards at its assumed 
angle till the lines meet, then if the porphyry in the valley coirespond to that of 
Aran Mowddwy, the downthrow on the north-west from a to 6 (see PI. 28, No. 3) 
must be from 10,000 to 11,000 feet. The angle at which the fault is drawn is 
hypothetical, and this, of course, modifies the amount of throw. Still, were 
we to reduce the inclination of the fault to the lowest possible amount, vis., to 
the avmge slope of the ground from the valley to the summit of Aran Mow- 
ddwy, it would still give a displacement of strata of at least 11,000 feet. It is 
by no means necessary to suppose that the whole of this enormous displace- 
ment took place at once, or even during any one of those sections of geological 
time that for convenience we name periods, for the aggregate amount mav be 
the result of man;^ slips, extending through many geological epochs. How- 
ever this may be, it is nearly certain that with sufficient denudation a very 
little additional downthrow would have brought into the valW the uppermost 
beds of Cambrian grit, since more than 6,000 feet of Lingula flags are exposed 
between the ashes and the vallcnr of the Wnion ; and iP in the Cader Idris 
section the estimated thickness of these beds (6,750 feet) be correct, then the 
Cambrian grit must lie only a few hundred feet beneath the river Wnion. 
Towards Bala Lake the throw becomes gradually reduced to about 5,000 or 
6,000 fset. The inclination of the strata decreases, and only about 2,500 feet 
of the flsffflnr strata, and 2,200 feet of ashes and porphvry between Pant-gwyn 
and Pan^§ abut on the black slaty Uandeilo eludes that rest on the igneous 
rocks of the Areniff and Penmaen range, which shales are the equivaknts of 
the beds that overfie the felstone of .Min Mowddwy. T^is, reduction of the 
throw from 13,000 to 5,500 feet is proved by comparing the section in 
Fli^ No. 28 with the west end of the following diagram, fig. 8, the ground 
which these lines cross being not more than from 2 to 3 miles apart. 



* Map 74 S.W., west of tlie Bala rosd. 
Two miles and a half soath-west of LlanawehUyn, Mg ^ p 74 S.W. 
Sw aho 6-inch Sectioni» Sheet 29, lines 2 and 3. 
About half a mile sonth-west of Uanuwchllyn. 
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CHAPTER VII. 
Befetitions of the Bocks of the Aban Bange bt Faults 

AND CUBVATUBES OF THE StBATA CONTINUED. — GbEEN- 
8TONE OF BhOBELL-FaWB, &C. — TaLCOSE ScHISTS OF DOL- 
T-FbWYNOG. — COPPEB AND GOLD MiNES. 

General Description. — A long straight valley, through which the 
turnpike road runs, lies between Bala Lake and DolgellL It 
has been already stated that the range of hills that bounds it 
on the north-west results from the repetition of the hard fel- 
stones of the Arans by the fault described at the dose of last 
chapter. Escaping from the immediate influence of the fault at 
Penmaen, this range suddenly trends stndght north as far as 
Arenig, beyond which the hills formed by the igneous rocks 
become broken and scattered over a wide extert of country. 
Near Drws-y-nant-isaf* on Careg-Aderyn and Penmaen, and 
northwards towards Arenig, the rock is a blueish grey felspathic 
porphyry, which breaks with a sharp fracture, like bomstone, 
and weathering pale yellow or white, often shows a brecciated 
and slaggy or even scoriaceouB structure, which, however, on a 
freshly fractured surface is generally indistinguishable. The 
same felspathic and calcareous ashes and conglomerates that 
underlie the felstones of the Arans rise from imder its western 
edge. 

A mass of upper ashes (so called because they lie above the 
felspar porphyry) commence about half a mile north-east of 
Penmaen, ana gradually increasing in thickness, soon become, on 
the Arenigs, of very great importance. 

West of Llanuwchllyn the rocks lie in the form of an anticlinal 
and a synclinal axis both faulted* But for the fisiults, we should 
have on the west a simple synclinal curve, enclosing an isolated 
basin of slaty shales between the porphyry of Careg-Uyssog and 
Y-Dduallt The result of this arrangement of the rocks is a 
third marked range of hills, forming the heights that run 
between Craig-y-Benglog and the peak of Moel-llyfii-nant, 
made of the equivalents of the Aran felstones. Beneath it the 
ashes crop out a third time on the west, overlying the Lingula 
flags, which, with some broad undulations of the strata, spread 
4 miles westward to the central boss of Cambrian grits. 

Felspathic rocks and LiandeUo beds north and west of the Bala and Dolgelli 

road. 

Westward of Drws-j-Nant-isaf the felstone is more than a mile in width, 
being thrown into the anticlinal curve mentioned above, one side of which, 
beyond Y-Wenallt and Foel Ddu, is cut off b v a fiftult that passes northward, 
and crosses the Bala and Ffestiniog road a Httle east of Tai-hirion.t This 



• Ten miles and a half from Bala on the DolgeUi road, 
t Map 75 N.R and SJE, 
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•Dtidiiial cimre widens by degrees, and volcanic aahea, cot ap by numerona 
amall hnlkB, form its centre.* 

Hie diatuzbanoe of the rocka ia beie ao exoeaam, that it beoomea troly 
difficolt to diaentangle their intricaciea, ainoe, in addition to the irregular 
miztuie of ot^juary sediment and aahy matter, theae are ao interpenetrated by 
nmnoona thin imecticma of greenatone that it ia ahnoet hopeleaa to attempt 
on a one-inch scale to aeparate the hitter from tiie aahea that often aaaume 
their aspect. 

Folloaring the anticlinal line to the north by Diyagol, the porphyry again 
doaea over tike aahea, and in the aharp bend tiie beda have 8napi>ed at Caatell- 
carn-dochan,t and a narrow atrip of upper aahea and overlying Llandeilo 
beda, let in between two liMilta, forma the ridge of Cerig-yr-eirch and the 
valley that rona from thence towvda Dolhendre.^ 

North of Cerig-yr-eirch the felapathic lava oocajfnea a loa^h and rocky tract 
of about 2^ milea in length by H m width, compnaing the hillaof Bryn-br&8,§ 
Craig-dol-fadr, Clogwyn-yr-l^lwya, and Fridd-trawscoed. The rock undolatea 
in wavy oontortiona, whence its unusual breadth. On the east it ia overlaid 
hj the upper aahea, and on the north, aonth, and west it is bounded by frulta. 
llie aouth fruit ia one of those that cross the ridge of Cerig-yr-eirdi. It ia a 
downthrow on tike south. The north fruit passes about 2i milea in a south- 
western direction from Moel-y-menyn.|| The west fruit passes from the 
neighbourhood of Careg-Iiysaog northward, and joins the Tai-hirion and 
Y-Dduallt fruh on tike east slope of Moel-Uyfn-nant.lf Its throw is greatest 
immediately soutii of a hill caUed Cefh-glaa, where the downthrow on 
the weat probably amounta to 1,000 feet, the whole of the frlatone porphyry 
being cut out for a quarter of a mile, ao that the black Llandeilo aiatea*ana 
the lower aahea lie m jiutaposition. Theae LlandeOo beds he in a long 
narrow trough, 3} miles in length, directly aouth of Oogwyn-yr-EglwyB.^^ 
Except for dbout a mile at their aouthem end, they are bounded by fMilta ; 
and tney have been thrown into their present position partly by these dirio« 
cationa, and partij in consequence of the anticlmal curve of which the ashea 
form the centre m the ground crosaed by the aection (PL 28, No. 3).tt In 
both theae aectiona the Llandeilo beds overlie the porphyry on the west of 
Careg-Llysaog,^ and abut on the aame rock (repeated by the Tai-hirion 
fault), in tike range of Y-Dduallt, where the felstonea dip neariy due eaat 
about 45''. 

Y-DdnaOt iteelf oonaiata of felatone, of a alaggy aspect, blue or grey in 
colour, often porphyritic, aometimea rudely columnar, and bearing a general 
resemblance to the equivalent rocks of .Aran Mowddwy and Carc^ Adoyn. 
It ia about 1,200 fret m thickness, and dipa eaaterly at anglea of from 4Cr to 
50^. Beneath it, in the usual position, are the felapathic, calcareous, and 
conglomeratic aahea, dipping east about 45° beneath the trap. Aa we ap- 
proach ita base the angle decreases to 15° or 20°,§§ but these anglea are much 
mcrcaaed along the line of strike both north and south of this point. || ]| In the 
area croaeed by theae aectiona the aah principally oonaiata of a greenish'grey 
felapathic baae with felspar cryatala, endoang numerona irregularly rounded 
lumps of veaicular green and greenish grey trap, the vesicles b«ing often filled 



* Shown in the 6-inch sections, between Cai^-LlysBog and Gaieg-Aderyn, in 
Sheet 19, FL 2, and between Careg-Llyssog and Penmaen, in Sheet 37, line 3. 

t One mile and a half west of IJannwebUyn. 

t Doihendre is a house lying 1^ mile W.N.W. of Lbmnwehllyn. 

i Two mSea from Uanawchllyn, a littie north of west 

I Hod-ynnenyn lies li mile S.S.E. from the too of Arenlg. 

^ Hoel-llyfr-nant is a trigonometrical station 1} mile sonth-west of Arenig, Map 
75 S^ 

** Two miles and three quarters almost directly south of Arenig. 

{t See alto Sheet 19, line 2, and Sheet 37, line 3. 
X The sections cross near the point, one going north to the Uenai Straits, the 
other west to Harlech Cardigan Bay. 
§§ Where crofised by the 6-inch section, Sheet 19, line 2. 
.;j| Six-inch section, Sheet 37, line 3. 
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with quartz and carbonate of lime. This general lithologieal character is 
frequent, not here alone, but in some of the ashes farther south, and also on 
Caaer Idris and Aran Mowddwy, reminding the observer of those viscous 
masses shot from volcanoes that fall among accumulating ashes during periods 
of eruption. Being generally green, ana forming a large part of the ashes, 
these are in places almost indistinguishable from the more rubbly descriptions 
of greenstone, such as occur on parts of Cader Idris and south of Y-Dduallt 
on Craig-y-Benglog. 

The lower part of the ash between Y-Dduallt and Rhobell-fkwr has a 
compact blue oase, with embedded slaty flakes. In places it resembles some 
of the felspathic rocks that have been poured out as streams of lava, so much 
so, that in a hand specimen, or even en masse on the ground, the inexperienced 
observer might reaoily be deceived. The instructed eye, however, soon detects 
its bedded character ; and, when walking along the strike of the country, the 
upper surfEMces of thick strata are seen dipping eastward in frequent succession, 
thus — 

Fig. 9. 




Sometimes distinct crystals of felspar are sparsely scattered in the blue base ; 
and again, broken crystals of the same mmeral are often thickly set in it, 
giving a beautifrilly porphyritic aspect both to the weathered sur£EU» and to the 
neshfy fractured stone. 

As usual, various interstratifications of slate occur in the ashes. One of 
these, about 600 feet above the base, passes from near the Dolselli road several 
miles to the northward. It is from TOO to 200 feet thick.* Further south, it 
doubles that amount. Northward, it thins entirely away before reaching 
'R-allt-llwyd. Another well-marked but short band separates the Y-Ddualft 
felstone from the ashes. Others are of frequent occurrence, so small, however, 
and inconstant, and so apt to pass in all directions, gradually or suddenly, 
into pure ashes by the admixture of what was once volcanic dust and loose 
crystals of felspar, that, on the map they are inseparable from the more purely 
volcanic matter. These lenticular interstratifications represent on a laiger 
scale what takes place on a small one in the case of flaky lines and other thin 
and short interlaminations of slaty matter among the ashes, and afford ample 
cause of perplexity to him who attempts to map out every alternation of the 
strata with minute accuracy. 

Intruded greenstones occur in the ashes. One, a quartz amygdaloid,t runs 
nearly in the line of strike ; and the greater part of Craig-y-S^nglog is also 
formed of greenstone intruded more irregularly and on a larger scale. This 
rock is green and also amygdaloidal, the vesicles being mostlv filled with 

?[uartz, which is generally covered with a thin 'coating of very aark chlorite, 
t belongs to the same class as the vesicular greenstone that forms the summit 
of Cader Idris and part of the western side of Geu-graig4 

Around this neighbourhood the felspar porphyry is about 1,200 feet, and 
the ashes 1,300 feet in thickness ; a great diminution when compared with the 
thickest psorts of the same masses on the Arans, and about equal to their 
development on Moel-ddu at the north end of the Aran range.§ 

Between the ashes and the greenstone of Rhobell-fawr there is a band of 
black shale, varying from a quarter to three-quarters of a mile in width. || 
Rising from under the lowest ashes, it belongs to a set of strata, the fossils of 
which, further north, clearly belong to a low zone of the Llandeilo flags. A 



* Where crossed by the 6-iiich seetionB (Sheets 29 and 37). 

t Crossed by the section (Sheets 39 and 87). 

i Map Sheet 59, PI. 28, No. 1, and diagram fig. 6. 

§ Fig. 8, and 6-inch sections, Sheet 37, lines 3 and 4. 

tl Map 75 8.E. 
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TVimucUuBt was fboiid Ib this zone, near Blaen-lfiw, by Profesflor 
Sedgwick and BAr. Salter in 1843, 2 miles south-west of Axenig ; but in the 
nei^bomhood now described no fossils hare yet been found in tihe strata 
dose below the ashes. The greater part of the mass further down belongs to 
the LinguU flags. On the norUi and north-east similar black shales vnSeriie 
the greoistone of Rhobell-lawr, a &ct proved by two outliers of the igneous 
rock that lie direcHy on the slate at Cnig-y-Dinas and Moel-gron, and also 
by the general behaviour of the rock.* 

The black shale in the brook near Cefn-yr-Eiyr dips towards RhobeIl-&wr. 
Further south, however, the shale seems to ovenie it» and both ashes and shale 
south-west of the sixth milestone on the Dolgelli and Bals road are interrupted 
by the Dolgelli and Bala &ult, and by a branch dislocation which passes north- 
west by Ystum-gwadnedd, bringing the ashes above Uan&chretn into juxta- 
position with the greenstone by a downthrow of about a thousand feet. 
Following this dislocation the shale beneath the ashes is again let in at Cors- 
y-^amedd, between thegreenstone on which it rests and the &ult, and from 
this pcmxt to the river Vnnon, near Dolgelli, the ashes axe brought against tiie 
greenstone, except at one small spot in the grounds of Nannan, by a norHi 
and south fiuilt uuit passes tiuough Llanfiichreth. 

As the greenstones of Merionethshire are not truly inteibedded but in- 
trusive, it is not easv absolutely to demonstrate these dislocations, neverthelns 
when we consider tiie winding contour of the rocks elsewhere, the directness 
of the supposed faults which often run in straight lines, and the hct that at 
the south-east side of the greenstone the black slates are cut sharply off by 
one of them, thoe remains but little doubt of their actual existence. The 
laigest fimlt strikes from the river Wnion northwards throufl^ Llan£u;hreth to 
Aber-Seirw-mawr on the river Mawddach near Craig-y-l>inas. South of 
Uanfiudireth it is a downthrow on the east, but further north the shift is 
supposed to be on the opposite side, the w est er n boundaiy of the Rhobell-fawr 
greenstone running unusually straight, in a manner that indicates a prolonga- 
tion of tiie hne of dislocation i&g, 10). 

From the foreg<nng description it appears that a certain district between 
Llanfiachreth and the river Wnion is bounded by four faults (see Map 75 S.E.). 
Moel-Olfrwmt lies in it, and the whole area is of the age of the lower ashy 
deposits. East and south-east of Llanfachreth tiie rocks consist of thick- 
beaded undulating strata, often so sandy that they rather deserve tiie name of 
fdspaUuc sandstones than of volcanic ashes. Smne of them pass into pure 
sandv grits. On the low ground north of Moel-Offrwm there occurs a midy 
stratified slaify rock of an apple-green colour. The west flank of the hill con- 
nsts of grits» a little slate, and felspathic ashes, tiie last largely predominating. 
A patdi of slate occupies the top, and the whole undulates sontn-easterly, here 
and tiiere penetrate by greenstones which have been more or less thrust in 
between the beds. In the Deer Park it is difficult to separate the greenstone 
and ashes, for they axe both of the same dark green colour, and in the ashes 
the lines of stratification are so faint that it requires careful observation to 
detect them. The dystals of fidspar in them are, however, more scattered 
than in the greenstone, and seem mechanically mixed with rather than 
ciystallised in the matiix. Altogether these ^reen ashes convey the impres- 
sion that they^may have been formed of volcamc dust, of rimilar composition 
to the substance that constitutes the greater part of the eruptive greenstone of 
B^beU-fawr. 

KhobeU'fawr. — The immense igneous mass of Bliobell-fawr 
seems to lie- irregularly on the broken edges of the Lingula 
flags in the manner shown in tbe following diagram, fig. 10.^ 



* See Fig. 10, and 6 in seetioD, Sheet 37, line 3. 

t Two miles NJff JB. of Dolgelli. 

X See aho the sheet of 6-inch horisontal sectioiis, No. 37, line 3. 
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Afi this is the laigest maas of grdbnstone in Wales, and typical 
of some of the others, I shall describe it in some detaiL In places 
it is well crystallized, but sometimes conosts of amorphous matter 
of an i^le green colour, endoong krge scattered ciystals of 
dark green hornblende. The rock is generally veiy compact^ and 
rings when struck with the hammer. 

It occopiei a brottd tract of oountrj, atretclung from the banks of the higher 
part of the Mawddach, opposite Gxaig^-Dmas, to Caerhedydd, H mile south- 
east of Llanfiichreth; firom thence, at Tstnm-gwadnedd, holding round north- 
ward hf Mod Cois-y-gamedd to Moel-gron and Rhohell-y-hig. Near Dan- 
lachreth the bonndaiy passes soath unoer the west slope of Moel-Offirwm to 
the banks of the riyer n nion, a mile and a half E.X.E. of Dolgelli, where it is 
cut off by a fiinlt. Its opposite bonodaiy begins a little wist of DolgelU, 
passes with much izrcffularity north hj Lljm Cynwch to Pen-y-biyn and Cjplau, 
and from thenoe, with a curving outnne, strikes eastward towwds Moel-giony 
along the slopea on the south b«nk of the Mawddach. 

Its greatest length irom north to south is about 7 mUes, and its 
greatest width from east to west about 3 miles. Outliers of the 
same rock form the summits of Moel-gron and Cni^-y-Dinas» so 
that before denudation it originally spread much furuer. 

The surface of this mount^n mass is barren and broken^ and 
for long its vast succesaon of tumbled mounds conveyed to me 
the impression of successive ejections of lava having flowed from 
some concealed vent during the Lower Silurian period^ and 
piled themselves on each other. But that the greenstone was 
not thus formed may be inferred from several circumstances : — 
First, along its eastern boundary, though the shales dip 
towards and under it near Moel-gron, yet the beds seem to 
rest upon it a few miles further south, and if the greenstone 
were a truly interbedded contemporaneous mass, it would, 
unless faulted, dip beneath and overlie shales all along the 
strike. Secondlj^ on the north boundary, while tradng its 
contour up Afon Geirw, though it is eaaj to discover that the 
slate in the channel of the stream underhes the greenstone, and 
is only exposed by denudation, yet here and there dykes pass 
from the main mass into and across the slate. Again, the ex- 
cessive complication of the western boundary between Dolgelli 
and Pen-y-bnrn bespeaks its intrusive character, for though some 
of the irr^ular forkings are due principally to contortion of the 
strata, yet others, as, for instance, at Llyn Cynwch, and between 
Llanfachreth and Fen-y-bryn, are the result of the injection of 
veins of greenstone from the mass, more or less in the lines of 
bedding, before these contortions took place. Intricate interladngs 
of slate also occur scattered over the mountain, generally so small 
that it is impossible to map them, but one marked example occurs 
on the summit, where the slates are so altered and mixed with 
small injected veins of greenstone, that it is almost impossible to 
separate them in mapping. Intense alteration of the shale or 
slate is, however, exceptionaL On the east and north, and in 
great part on the west, they are black and carbonaceous, and 
therefore, because of their bad conducting quality, they are but 
little altered even dose to the greenstone. 
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* 
I have said that on its northern boundary the greenstone seems to rest on 

the black slate, and though generally mucn obscured, both by drift and peat 
moss, yet, wherever the water gullies show sections the slate is oroken, crushed, 
and crumpled in a remarkable manner. This may possibly have been pro- 
duced by the forcing of the greenstone in among the beds of slate which yet 
maintained a position approximately horizontal while the rocks that once 
rested on the greenstone still remained undenuded, and before the later and more 
general disturbances took place that produced the greater contortions of the 
country ; or the crumpling may have been caused during these later disturb- 
ances by a strong lateral pressure acting with effect on the soft slate, while the 
great unyielding mass of greenstone above prevented it from being broken by 
dislocations or nrom falling into larger and more regidar curves.* It must be 
remembered that the greenstone once spread entirdy across the valley of the 
Mawddach to Craig-y-Dinas, and perhaps &r b^ond, so that the rocks crossed 
by the section between Y-Dduallt and Uraig-^-Dinas were also covered by the 
greenstone before it was removed by denu(mtion, and this may account for 
their crushed appearance as indicated in the drawing. Along its western 
boundary the slates are generally of a li|^hter and more rusty hue, like ordinaiy 
Lingula flags. They contain many gntty beds, and on Moel-Hafod-Owen, 
where LingulelUB are abundant, they are very much disturbed and altered, 
small bosses of greenstone being protruded here and there, which it is presumed 
are connected underground with the greater mass of RhobeU-fowr, ana with the 
three detached patches that lie between Moel-Cynwch and the south-western 
slope of Moel-Hafod-Owen.t From the more fdspathic greenstone of Hafod- 
y-fedw on the opposite bank of the Mawddach, a little more than a mile north 
of LlaneUtyd, veins have been injected into the slate, which is hardened at the 
junction .{ These are distinctly mtrusive, for not only do they alter the rocks, 
but the most northerly patch branches straight across the strike of the slate 
forking out in various durections on the hills between the rivers Mawddach and 
Eden. Two branches of this injected mass are shown in the large horizontal 
section, sheet 29, line 2, immediately west of the Mawddach, and in the 
drawing it is unconnected with any greenstone intruding from below, its 
junction with the main body of the rock taking place about a quarter of a 
mile farther south. 

Talcose Rocks and Copper and Gold'iearing Beds of the River 

Mawddach. 

% 

Between Bhobell-fawr and the Mawddach there is a stream 
called Afon-Wen, not named in the map. On its western bank 
are certain highly talcose rocks, which lie between the river and 
the greenstone, and crossing the stream near Fridd-goch, pass 
southwards through the wood, across another imnamed brooK a 
little below a picturesque bridge that lies about three quarters of 
a mile west of Llanfachreth. From thenee, gradually becoming 
less talcose, the beds strike towards Moel*Cynwch, and losing 
their peculiarities pass by degrees into the ordmary Lingula flags 
of the district On the north they are cut off by an east and 
west fault, at what may be called the south-west angle of Moel- 
Hafod-Owen, above Buarth, where highly altered Lingula .flags 
abut against them, dotted with spots of greenstone, which are 
perhaps connected with a closely imderlying igneous mass.§ On 

* Six-inch section. Sheet 37, line 3, and No. 29, line 2. 

t Moel Cynwch lies 2 miles north of Dolgelli, and Moel-Haibd-Owen 2 miles 
W.S.W. of the sununit of IUiobeU-&wr. 

t See section, Sheet 37, lines 2 and 3. 

§ In the manner shown in the 6-inch horixontal section, Sheet 37, line 2, and in 
disgram fig. 10, p. 42. 
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the east tbe tdcose beds are also paxtly fkalted and partly overlaid 
by Lingula slatey against which themassiTe greenstone of Bhobell- 
£eiwr abots. 

The taloose rock itself is one of those problemstical mssses which it is 
impossible accurstd^ to define, port^ becuue of its variable character and 
partlT from the dimcotty of accoonting for its origin. Where talc is most 
developed it necessarily possesses a flaky texture and a soapy feel ; but these 
diaracteristacs often rapidly change within an area of a few yardsy and it either 
assumes an ordinary slaty stmciure, or, on the other hand, it passes into a hard 
fdspathic-looking rock, which in -some hand specimens it is almost impossible 
to djstingnish frran certain of the bine felspathie traps, and in others from the 
aiQoining greenstone of Penrhos. Even there, however, from the presence of 
much talc, it is apt to have a flaky aspect, which generaUy becomes more 
apparent the more the rock is decomposed. It then, at the surface and in 
lodes, decomposes into a kind of taloose unctuous dav. Probably it may be 
a metamorphosed rock, perhaps originally ashy, espedaUy since near Ffestiniog 
other beds, near it in structure, though higher in the series, pass in the 
line of strike into felspathie ashes. Iron pjpites and yellow sulphuret of 
copper are diffused in it, the pyrites occurring in numerous scatterea ciystals, 
and also accompanying minute copper-bearing vdns, that are here and there 
disseminated throughout the hill. It was in a hollow in the hills formed by 
this taloose rock, about half a mile south and south-west of Moel-Hafod-Owen, 
that the well-known Tuif Copper Mine was situated. The drainage of the 
ground occupied bv the greenstone and talcose schist runs into iC and the 
water perooli^ing through the rocks and rising in springs, carried copper in 
solntiiRi from those specks and strings that are more or less diffused tnrough 
the mass of the hills above. In this manner the peat moss appean to have 
been partly saturated with copper in the state of a soluble carbonate. The 
turf was pared from the sur£&ce and burnt in kilns, and a large residue of 
valuable copper was afterwards separated from the ashes. Many thousand 
pounds' worth were thus extracted. 

The hills have since been burrowed in all directions in seardi of the great 
lode or bundi ffom whence the copper was supposed by many sangmne 
adventurers to have been carried in solution to tne peat. It has never yet 
been found, and probably does not exist, for the small quantities of sulphuret 
of copper diffused through the hill would be sufficient to account for its 
presence in the turf. 

It is in the heart of the talcose schist of diagram No. 10 that 
the gold-bearing lode at Dol-y*irwynog occurs, cutting across the 
strike of the b^ in a W.N.W. direction, in the low ground south 
of Moel-Hafod-Owen, on the east watershed. It is principally 
composed of white saccharoid quartz irregularly traversed by 
nomerous small loose joints. Soft, unctuous, decomposing talc, 
and a Ettle chlorite, pink carbonate of lime and manganese, 
together' with much iron pyrites, are intermingled witfi it. In 
places the quartz assumes a semi-granulated aspect, and in general 
the substance of the lode is easily shivered, it was first opened 
in search of copper, and a shaft was sunk to a depth of about 
20 fathomS) but during the process it proved to contain more 
attractive metaL In 1853, in the heaps at the mouth of the shaft, 
in several of the pieces, I saw fifold in small flakes and erains 
inegnliirly di«em£ated tlm>ngh^e.qu.rtz ; «.d in . a.ore^ect 
heap, on all the fragments it was distinctly visible ; the surfaces 
of many of the masses bdng literally spangled with gold. Gold 
was also detected Jby Mr. Byers in the matrix of the copper- 
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bearing lode, about fanlf a mile farther soutb, and in tbe west 
Dol-j-Snrjnog lode, by the spot marked turf copper mines on 
the map, 

" On the bonks of Afon-wen, about a mile above the bridge, 
are some ruins of buildings, and below them, close to the river, 
the remuns of charcoal ashes and bite of bone* mostly covered 
with herbage. This place has a very singular name, wluch it has 
maintained from time immemorial, expressive of gold having been 
melted or worked there. This name, ' Merddyn coch 'r aur,' sig- 
nifies ' the mins of red gold.' The tradition is that the Romans 
fi>rmerly worked gold there. It may be well to observe, to those 
nnacquainted with Welsh names, that no andent place has a name 
but what ii generally characteristic of its locality, or of some event 
that has taken place on or near the spot.** 

In this neighbourhood, on the banks of the river Mawddacb, 
gold, since 1843,t was worked in the branching quartz lode of 
Cwra Kisen. This lode also contains a little lead, and its prin- 
cipal branch composed of veiy hard quartz, runs nortb-eaaterly 
across the river about half a mile above Rhaiadr Mawddaob. 
Of this mine Mr. Warington Smyth remarked in 1862, — " In 1846 
'\ I had the opportunity of minutely examining some of the more 
" notable lodes near Dolgelli, in the district which had most 
" attracted attention. The Own Eisen mine, originally opened to 
" work some lead veins, had just been sold as a ' gold mine * for 
" 14,0002^, neither buyer nor seller having made the slightest 
" approximation to an estimate of the length, breadth, or depth 
" of the auriferous ground, or of its &ur average yield. The 
" assays and experiments made by Mr. Clement, who was called 
" in to act as metallnrgist, showed that the specimens contained 
" a proportion of gold which would be considered highly profit- 
" able in the old gold mining districts of Salzbui^, of Hungary, 
" and of America. Great expense was incurred by Mr. Bruin, 
" the new owner, not in working the ground, or in erecting appa- 
" parattts under the advice of men who were practised in gold 
" mining, but is following out the contrivances of ingenious 
" schemers; and the resuU was a very early suspension of all 
" operations."} 

lam informed by Mr. W. Smyth that on the N.W. side of the 
Mawddacb, a little north of where it jmns the river Qtan, three 
parallel quartz veins have been discovered rinoe I virited the 
country. They run east and west, and are crossed at nearly ri^t 
angles by three others. The veins, which are small, lie near 
Gwm-fvTivdd. below Moel-gwyn-Cynydd, and in 16 places specks 
been observed in them. It is also stated that 
detected in other places in the neighbourhood of 
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t Brituh AMocUtJon, 1S44, Mr. Arthur Deu. SmoIm A. C. 

rg« of the Geological BodetJ^ 1S54, *ol. z. p. MS. 

od fHi^'B w.g.rfT^ voL i. No. 6, Jnne IBSS. 
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Cwm EiaeD, at Penmaen, and in the east and west lode at the 
south end of the greenstone near Gelli-gain, about 3 miles S.S.E. 
of Trawsfynnydd. I am, however^ unable to' say if the autho- 
rities^ excepting Mr. Smyth, are to be depended on. Further 
south, on the hills above the estuary of the Mawddach, mining 
speculation has been rife for many years, chiefly in lodes that 
lie in the Lingula flags on the banks of the torrents that rise 
in the hills of Cambrian grit east of LlawUech. Originally the 
lodes of Vigra and Clogau, the property of the Crown, were 
cluefly worked for copper, with litUe or no profitable result, 
but about 1854 the discovery of gold in the rejected rubbish of 
the old workings at Clogau, and also in the abandoned lode, 
raised a kind of gold furor in North Wales, which many persons 
still remember to their loss. Of late years however, since 1859, 
the gold vein named ^^ St. David's lode," which intersects the 
Lingula flags about a quarter of a mile further north than 
the old Clogau copper lode near the outcrop of the Cambrian 
grits, has been worked to great advantage. ^' The vein itself," 
says Mr. Smyth, '' where well developed, is from 2| to 9 feet in 
width," and '^ is composed of quartz and calcareous spar, the 
latter sometimes forming a body several feet in width ; and 
when the calcite puts on the appearance of a finely granular 
and finable marble, it frequently contains gold; when, on the 
contrary, it is large and coarsely foliated, it appears to be 
^ entirely wanting in the precious metal" But the width of the 
lode is inconstant, sometimes degenerating into " a mere thread 
'^ of spar." In 9JI, perhaps, about 40,0002. worth of gold has 
been extracted from this mine at small expensa 

Gold has also been found in a lode in the Cambrian rocks a 
little further north, and at Cae-Gwemog, Perth4wyd, the Prince 
of Wales mine at Grallt-yr-hafod, West Vigra, and from other 
mines gold has been extracted. The last named has been worked 
continuously once 1855. Gold has also been got, to the extent 
of two or three ounces per week, about three miles west of the 
south end of Bala lake, a faulted area of Llandeilo beds dose to ^ 
the felspathic porphyry near Castell-carn-dochan. 
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CHAPTER Vm. 

The Abenigs, Lltn Conwy^ and the Bocks in theib 

Vicinity. — ^Fossils. 

General Description. — The rocks of the Arenig mountiuns^ and 
the district of Migneint and Llyn Conwy, lie on the same 
stratigraphical horizon with those of the Arans, and exhibit the 
same class of phenomena, for the component rocks are repetitions 
by the Bala &ult of the same masses, some of them developed 
on a greater and others on a smaller scale. The felstone por- 
phyry, over which flows the river Lliw,* has already been partly 
described,! ^^^ ^^ doing so I have mentioned the ashes that overlie 
it, and underlie the black slates believed to be Llandeilo beds. 
Traces of these upper ashes are, indeed, occasionally found over- 
lying the great masses of porphyry that form the crests of the 
Arans and Cader Idris. But where the igneous series is repeated 
by the great Bala fault, these upper ashes thin away west of 
the Bala road, about 3 miles south-west of Llanuwchllyn. 
Gradually becoming more developed as they pass north towards 
Arenig, they attain eventually a thickness of about 700 feet, 
and dipping east form the entire eastem*flank and summit of 
the mountam (fig. 1 1).{ The lower ashes that rise from under- 
neath the felstones of the western range§ strike by 'r-Allt-llwyd 
northwards to Moel-llyfn-nant, and while the ashes above the 
felstone by degrees thicken, the lower series gradually decline 
in their northward passage to Moel-Uyfn-nant, where they com- 
pletely thin away. The i^lspathic trap, however, still continues ; 
for the same rock that forms the summit of Moel-llyfh-nant crops 
out half-way up the western flank of Arenig (fig. 11), directly 
overlying the lower Llandeilo slate. 

North of Arenig (maps 74 N.W. and 75 N.E.) the upper ashes 
cover a broad area, spreading eastward in the great anticlinal curve 
of the strata north of Bala, and thence striking west and north by 
Llyn Conwy to the river Machno. Through all this area, ex- 
cepting on faulted ground, the ashes are directly overpaid by 
black Llandeilo shales and slates, and underlaid, as the fossils 
of Tai-hirion testify, by the lowest Llandeilo beds. 

The Arenigs, Llyn Conwy, ^c, — By referring to the maps it will be seen that 
the gteat Felstone lava beds, already so often mentioned, are continuous from 
the south, where they are both underlaid and overlud by ashes ; but it will be 
observed that in the short space between Moel-llyfh-nant and Ajenig the lower 
ashes have entirely thinnea out, for the felstone of Arenig rests directly on 
Lower Llandeilo beds. Beyond this point for several miles the lower ashes 
only appear beneath the same porphyry in a few streaks near Cerig-v-Bala and 
Tai-hirion in the district of Migneint. || The following diagram, fig. 11, will 
explain these particulars : — 

* Misspelt LUn in Map 74 S.W. 
t Pages 88 and S9. 

X Six-inch section. Sheet, No. 39 line 1. 
§ Between T-ddnallt and Moel-Uyfii-nant 

I Cerig-y-Bala is about 6 miles east of Ffestiniog, and Tai-hirion about 1 mile 
S.W. of Araug-bach. 
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Where this section crosses, the porphyry is only ahout 300 feet thick, but on 
the north side of Arenig, on the crags of Aiaen-grygog and Daear-&wr, 
and on the opposite bank of the nver between Y-foel and Bryn-maen-llifo,* 
it greatly increases in bulk. It consists of dark grey porphyry, with small 
distinct crystals of yellow felspar in a felspathic base, out further north it 
gradually becomes less porphyritic. In some places it is columnar, and in 
others hur^^ely jointed, It disappears close by Llyn Serw, between Arenig-bach 
and Ffestiniog. 

The greater part of Arenig and about 15 square miles on the north (includ- 
ing Mynydd Nodol, Arenig-bach, (>aig-ddu, and Llechwedd-llyfn) consists of 
wide spreeuling undulations of the upper felspathic ashes, oyerlaia by black Llan- 
deilo slaty shtde. The large maps and sectionsf show that this area, owing to 
undulations of the strata, is partly coyered by about 800 feet of ashes. Fig. II 
refers to part of this area. Here and there it is faulted. One of these faults, about 
half a mile east of Llyn Arenig, strikes northerly, and throws in the Upper 
Uandeilo beds on the west for somewhat more than a mile.]; It is met by an 
east and west fault on CdPn-llwyn-y-bugail, which throws the Llandeilo beds 
against the trap on the south. Two other downthrows on the north-east afPect 
the strata on a broken anticlinal line between Gylchedd and Moel Phillip. 
Others occur south of Y-Gam throwing in tiie Uandeilo beds in a broken 
synclinal betweeb hiUs of yolcanic ash. At Waun-Camedd-filiast the ashes 
form a sharp angle caused by the meeting of north and north-west faults that 
each afPect the Llandeilo beds, one being a downthrow on the west, the other 
on the north-east.§ The shift of the beds in the largest of the two probably 
does not exceed 500 fiBet.|| 

The ashes of Arenig are difficult to describe with precision. In some places 
(as, for instance, near the top) they are decomposed and shiyery, and in others 
rough and almost scoriaoeous loolung. On the bare steeps that surround Llyn 
Arefiig they are thick-bedded, and frcquently porphyritic, but so massiye, and 
they so much resemble some of the true fdstone porphyries that the observer is 
apt to doubt of their trul^ stratified character, especially as it frequently happens 
that they are so much jomted that in places they look almost columnar. Still, 
when yiewed in fayouring lights on a large scale, the long lines of massive 
beds that streak the steep flanks of the hills generally become sufficiently ap- 
parent, and when traced along the strike to Mynydd Nodol and Arenig-bach 
all doubt ceases, for, by degrees becoming less jointed and massive, their true 
bedded structure comes out with perfect distinctness. Nevertheless it must be 
confessed that on Arenig, and for some distance fmrther south, the subject is 
beset with difficulties. 

In some places/' sajs my colleague Mr. Ayeline,1[ " it is quite impossible 
to draw any definite Ime between the porphyry and ashes. They seem to pass 
imperceptibly into each other, and the tact that some even of the massiye 
" felstones have a bedded appearance makes the separation still more difficult. 
" When much decomposed there is no apparent difference between them. 
" When you go over the ground between Llyn Conwy and Arenig-bach, and 
'' see these bedded rocks rolling and undulatmg across the country, you can- 
not hesitate as to what they are; and again, if you examine the massive 
rocks south of the Arenigs, often undoubtedly columnar, you would at 
once decide that they are good trap rocks. But if one person were 
to trace the ashes from the north, and another the traps from the south, 
each would cairy his lines well into the territories of the other. Possibly 
these difficulties may be accounted for as follows. On the Arenig area the 
ashes and the trap were not formed as distinct masses by different eruptions, 
but they may have accumulated at the same time, the trap not extending 
'' much to the north, where the accumulation of ashes was greatest, and on 

* Under Arenig-bach. 

t Haps 74 N.W. and S.W., and 6-inch sectiong, Sheets 29 and 31, and Imes 1 
and 5. 

I Diagram, fig. 11, and 6-inch section 39, Ime 1. 

I Gylchedd lies 2| miles S.S.E. and Waan-Camedd-filiast 3 miles sonth-east of 
Tspythr Evan. Moel Phillip and T-Gam about 4^ miles north-west of Bala. 

I Mapa 74 N.W. and S.W., and Section, Sheet 31, line 5. 
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the fioutby where in % lees desiee the uhes also fell, they may hare f|^ mixed 
with end been partly melted oy the hot lava-flows, ana in other cases been 
** hardened and altered, bat not so completely as to have lost their bedded 
appearance. These remarks only refer to the npper ashes, and in some 
icqiecis do .not app^ to the trap under Arenig, which spears someidiai 
different from the rocks further south, and I am not sure that it is not 
partljT introsive/* The probability of this is not diminished by the presence 
of certain small bosses of pcn^hyiy on tiie west in the district of Migneint, 
and near L^ Treweiyn.* These are probably intrusive, and may possibly 
icpnaent some of the volcanic necks through which the lava rose towards the 
surfeoe. 

Tliroughout a large part of this region the lines of stratification form a 
strOdng feature in tiie landscape, giving a distinct diaracter to the hills of 
Mynydd Nodol, the broken ridge by Afon-Hescyn, Uechwydd-llyfn, and 
Aienig-bach. On Arenig-bach itself ttiey lie in long terraoe-like lines along 
the western and northern crags, and from its summit an experienced eye can 
follow the flowing undulations of the strata on the flanks of the eastern hiUs. 
Some of the rocks are thick, massive, and porphyritic; others are thinly 
banded, and in places almost slaty-looking. Occasionally the beds weather 
slaggy and harsh, but even then retain their well-stnitified character. Between 
Arenig-bach and the river Machnof the same porphyritic breodated and 
bedded ashes occupy a Isige part of Migneint and tne nilJs round Llyn Conwy, 
and through all this district they are sparingly intermingled with short len- 
ticular slaiy bands. 

The TU-^hirion feult, which is of considerable magnitude, passes southward 
aoTOis Migneint, throwing fial^ and T,Un<l«iln beds, ashes, and trap down on 
the west. 

The rocks between Arenig-bach and Afon-Conwy are obscured by peat-moss 
and drift, but enough here and there crop to the surfeee to render the boun- 
dary tolflvably approximate. From the Conwy to the Maohno it is sufficiently 
distinct. On Bryn-rhuddod X ^^ strata lie nearly flat, but in general the ashy 
beds undulate to the east on the summits of the hiUs. A good section is 
exposed on the north shore of Llyn Conwy. The strata dip easterly from 8° 
to 12°. Between Llyn Conwy and the Machno they unduli2te northward and 
eastward, and finally dip towards the Machno feuH, coating the hill that 
dopes, to the river, and crowning the diify bank that overhangs tiie high road 
between Hafed-yr-edwedd and Can^^, m the manner shown in the following 
diagiam: — > 

fig. 12. 

BaenoM raoM 'Rallv-Ddu, North ow Llth Coinry, acxoss 

^YBB Machmo. 



W. 




1. Lower Llandeilo beds. 

2. Felspathic and porpbyntie ash. 

3. Bala beds, / fenlt 

As a whole the ashes of Migneint and the country near Llyn Conwy dip 
easUrard under the black slate of the Upper Llandeilo bedsit angles between 
2fP to 30^. These slates are the equivalents (rf those that rest on the igneous 
lOdcs of Arenig and Aran Mowddwy. 



* Llyn Treweryn lies 9 miles E.SJB. of Fifesdniog. 
Two miles soath-west of FeDmachno (H^> 75 N 3.) 
One mile south of Llyn Conwy. 
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The country of the Arenigs and Llyn, Conwy is especially 
interesting, owing to the occurrence of fossils in the slates that lie 
close above the igneous rocks, and also in beds that lie conform- 
ably close below them. The comparison of these fossils, separated 
by a vast thickness of interbedded lavas and volcanic ashes, is 
important, since it partly enables us to judge if their ejection was 
accompanied by physical disturbances on a scale and of a kind 
sufficient to iniSuence the marine life of the period. The details 
of this part of the subject are given at page 74. 



CHAPTER IX. 

The Igneous and associated Bocks between Lltn Conwy 
AND Manod-hawb, Nobth OP Ffestiniog. 

General Description* — We have now reached an area so shattered 
by faults that it is impossible, without names for each stratum, to 
convey by writing any clear idea of the relations of all its parts, 
although on the ground, after much labour, it is practicable to 
understand these relations with precbion. Bounding the Caiyi- 
brian rocks on the east, there is a large fault, already mentioned, 
which, passing near Trawsfynydd and Ffestiniog, cuts across the 
felspathic rocks north of the Ffestiniog syenite, and is lost in 
the slaty beds beyond (Maps 75 S.E. and N.E.). It is 
east of the northern part of this dislocation that the shattered 
country lies, and the reason of so many cracks and shiftings 
occurring in so small an area is probably the bend in the 
strike produced by those forces that contorted the rocks of the 
country. They lie, so to speak, in a comer, and the wrenched 
and crushed strata have been so much fractured that, as in the 
case of the Bala beds, north-east of Bala, fragments of the country 
occur here and there dropped in between enclosing faults in the 
most unexpected situations. 

All the rocks of this complicated area belong to the horizon 
of the igneous rocks and slates already described. 

About 5 miles east of Ffestiniog, where the road branches to 
Penmachno and Yspytty Evan, a fault strikes northerly, following 
the course of the valley of Caregog, where it is cut off by the 
Penmachno fault It is also a lode, and may be distinctly traced 
in a series of old workings from Ffynnon Eiddew to Car^og. In 
several places -it is of very great width and solidity, being com- 
posed of a kind of cherty felspathic substance mingled mth quartz 
not unlike some of the rocks of Paris mountain in Anglesey. The 
country is thrown down on the west by this fault, and repeated on 
a large scale, and on its opposite sides the different kinds of 
strata are readily distinguishable, those on the east being light 
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grey, hard, and banded with grits^ like the greater part of the true 
Liogula flags of Ffestiniog and Dolgclli, while those on the west 
are dark blue and exclasively slaty, as is usual with the lower 
portion of the Bala and the Llandeilo beds, to the latter of which 
they probably chiefly belong. Here and there small openings have 
been made, with the view of quarrying for slate. 

Liaige masses of solid felstone and ashes form the ridges of 
T-Gramedd and Y-Gramallt,* and rising from beneath the Llandeilo 
beds on the west side of the Ffynnon Eiddew fault, it ia evident 
that they bear the same relation to these rocks that the igneous 
masses of Arenig and Llyn Conwy do to the equivalent strata 
elsewhere. The same is the case with the igneous rocks of the 
Manods and of the two Moelwyns near Ffestiniog. The whole 
of the igneous series between Llyn Conwy and the Manods has 
in fact been repeated again and again by faults. South of these 
hills, towards Llan&othen, are Tremadoc slates^ with the Lingula 
flags below them. 

Y'Gamatti, ijfc. — ^A north-east &ult passes firom Llyn-y-Monmiion towards 
Cerig-y-Uadzon, and h&ng a downthrow on the north-wMt, the Lhmdeilo beds 
are thrown against Lingula slates for about a quarter of a mile, near where 
the tnmpike road crosses Nant-p3rstyll-gW7n.t 

A little south of this dislocation {which may be termed the Cerig-y-lladron 
ianlt) three others occur. One of them is probably a continuation of the 
Ffynnon Eiddew lode, and another of the lead lode of Cerig-y-lladron, and 
among tiiem they let in two patches of solid feltspathic ashes, that form the 
bndten rocks of Biyniau-fonlle and Cerig-yr-iwrch.^ The latter is overlaid 
by a triangular space of Llandeilo beds; the former is profusely intermingled 
with irregular interstratifications of slate. They represent alike the ashy beds 
of Llyn Conwy and Meignmt and the lower part of the rocks of Y-6amallt. 

The rocks uiat constitute the higher part of the ridge of Y-6amedd and 
T-Gamallt, though somewhat fitult^, are continued by Llyn-y-gors and Llyn- 
jH^bith-graig^ to Tan-y-rhiw, where they are cut oS by the Machno &nlt. 
They consist in great part of massive blue felspathic porphyries, which, 
eqiecially on Y-Gamallt, have all the appearance of rockis that have been 
mdtcd. Nevertheless, in this particular area there are the same difficulties to 
contend with that beset the geologist in his endeavours to disentangle the 
TBiious spedes of igneous rocks on Arenig. From ^'arious points of view it 
ptfsents a largely boided aspect, although it is perhaps likely that the seeming 
beds are joints and planes, similar to those that occasionally puzzle the 
geologist on parts of Cader Idris, or on Careg Aderyn, where the rock is 
true felspathic lava. Cases indeed occur, although rarely, when even those 
who have devoted years to the study of such rocks find themselves at a loss 
to determine the distinction between true felspathic lavas and felspathic dust, 
to which pressure, and that kind of consolidation in part consequent on inter- 
nal decomposition and re-formation of new silicates, have imparted a hardness, 
solidity, and homogeneous character equal to that of the melted porphyry 
itself. 

Romd Llynisn-y-Gamallt, and northwards from these lakes to the Machno 
&utt, beds of undoubted ashes underlie these doubtfid rocks. They are some- 
times porphyrttic, often largely conglomeratic or brecciated, and frequently 
intetstratifiea with lenticular layers and beds of slate. A striking example of 
volcanic conglomerate occurs near the south end of the larger lake of Y- 
Gamallt. Both ashes and overlying porphyry are cut o£F on the north-west in 



* Three miles and a half north-east from Ffestiniog. 

t Three miles E.N.E. of Ffestiniog. 

t Thjee and a half miles from Ffestiniog, a little north of eaf$t. 

§ One mile and a half from Llyn Conwy, a little sooth of west 
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the vaUey by the Msohno fault, which thrown a low p&rt of the Llandeilo al»tes 
BBBinst them in a. similar mwiner to what takes place in the prolongation of 
the same dialoeation a mile lower down the river at Caregog, 

On the east side of Manod-mawr* there is a long fault that passes north 
through Cwm Penamnen and Dolwyddelan to Llyn Geirionydd, about 2 nulea 
west of IJanTWBt.t It is » downthrow on the eart. The structure of the 
country on its west side is comparatively simple. I shall first desenbo it, and 
then ap|Jy the knowledge thus gained to the explanation of part of the more 
broken ground on the east. .. ^ _ 

Manod-maar, Monod-back, Ll^it Contejf, 4-0.— A north and south sectioh 
tnrn the neighbourhood of Y-Foel-Ms, across Manod-mawr, exhibit!, in 
desoeudiug oraer, the following arrangement : — 

Kj. 13. 

Section from Y-FoKi^Fnis, across Manod-hawr. 

g. Hamod-iuwb, ^• 



1. Slates of the Llandeilc beds. 

S. Felspathic ashes and congloiaerate. 

3. FelRpathic poiphyry. 

4. Lower Llandeilo beds, Sic. 

Near Y-Foel-fr4* the dark slates. No. 1, dip north, and these arn succeeded 
bv several ashy beds, No. 2, which are interstratified with other beds of dark 
blue slate, also marked No. 1. The pools of Llyn-j'-Drumboeth and Llvn- 
bywydd lie in hoUows occupied by this slate, which is the equiTalent of thil 
in the quarries a little ftirther west. The aahes uademeath this band are ven 
conglomeratic, felspathic and slaty fragments being agglomerated in a mixed 
alatj and ashy matrix. They are remarkablj; inconstant, slates and ashy beds 
wedging out, disappearing, and again tbickenins, in a manner that shows great 
irreKularitv in theur original accumulation. ^Lssing westward Uiese aabea 
graaually diminish in thickness, and the uppermost Iwd thins almost entirely 
away in the state quarries, about half a mile west of Llyn-y-Drumboeth. 
It is exceedingly talcose, and contains numerous crystals of iron pyrites, and 
in these respects strongly resembles the talc schist of Dol-y-frwynog, alK*dy 
described. In proportion as the ashy beds thin out the beds of worluhle slate 
thicken and improve in their westward strike. A little south of Llyn-bywydd, 
a north-east and an east and west fault throwa a part of these beds against 
a mass of telspathic porphyry (No. 3). These ashes and slates, before the 
denudation of tliacountry,once spread across the Manods.frcnn which position 
they have been dovetailed into the midst of the felspathio porphyry, by two 
principal east and west faults that cross Manod-mawr. and gradusjly approach 
each other till they coalesce and abut on a north and south disloeatioii that 
skirts Manod-bach on the west. This clearly accounts for the presence of that 
thin coatinff of slate and ashy bands in Fig. 13 that lies m the elevated 
hoUow north of Manod-mawr. These rest on thick beds of volcanic con- 
glomerate and porpbyritic ashes (No. S), that crop from under this slate 
on its western edge, and barely casing the surface, undulate down the 
inclined rockv slopes to Tal-y-Manod in a triangular space bounded by the 
faults above described. The slaty beds on Manod-mawr are of no great tiiick- 

■ Uanod-mawr lies 8 miles N.NX. of Fftstinios. 
t H^Mi 7S NJl and 78 BJ;. 
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ness, uid at all points underneath them the conglomerate maj oertainlj be 
found, hot to determine its actual depth woold require the oonatraction of a 
section on a true Tertical and longitudinal scale. The conglomerate is the 
equivalent of that which strikes south-west firom the outflow of Lljn-bTTiTdd. 
In both localities a band of slate underlies it, patches of which, too small to 
map, are here and tiiere exposed by denudation amid tiie rocky mounds he* 
tween the fiuhs inmiediate^ north of the Manods. The felspathic poiphyiy 
(No. 3) lies beneath, and where affected by faults tiie ashes and slates are thrown 
against it in the manner shown in the diagram. 

Hie porphyry of the Manods is massive, and consists of small ciTstalfl of 
fidspar set in a blue felspathic base, which in places becomes so (urk and 
hornblendic-looking that the rock might almost be termed a greenstone. It 
is probably about 1,500 feet thick. The slaty band below in immediate contact 
with it has been altered by heat, but that above is altogether unchanged, 
jHwing the porphyry to be part of an old lava flow. Beneath the slate on which 
it rests are beds of grev sandstone and slaty flags (No. 4). In these Mr< Salter 
found Calymene, Asaphns and other Lower fJandeilo fossils. 

Position and fossils both indicate that these beds are the equivalents of the 
slates of Tai-hirion, and the grits of Camedd lago, and like them they also 
prove that the igneous rocks of the Manods and Modwyns were qected, not at 
the close of the deposition of the lAngnla flags, but l^tor, namety during tha 
deposition of the LJandeilo beds. 

The Dolwyddelan and Manod^mawr &ult cuts off the Manod rocks, so that 
the equivalents of the Uandeilo beds and ashes of Uyn-bywydd and Manod- 
mawr are thrown down on the east. This accounts for their position so 
far south, for of course they once covered the whole of tiie lower rocks near, 
till removed by denudation. The slate quarries in the beds interstzatified witii 
ashes that are enclosed between the minor north and south faults that include 
Bwkh Car^-y-firain are therefore the equivalents of the southern part of the 
slate quarries west of Uyn-du-bach. They dip north-west at a low angle. 
Two &ults blanch off from that of Manod-mawr in Cwm-tegwel, and another 
zig-zag crack unites them north of Uafod-Yspyt^. The latter is a downthrow 
on the north, and the porphyry that is here enclosed in the triangular space 
lietween three faults, is equivalent to that of the Manods. The dislocation 
that skirts the south-east base of Manad-mawr is probably a downthrow on the 
north-west. Two miles E.N.E. from Ffestiniog, the Roman road crosses the 
l»^ook at a ford callnl Rhvd-yr-Helen. From this point a fitult strikes N.N.E., 
and joins that of the Macnno near Bhiw-bach. Fhe rocks are thrown down on 
the east, and the conoentricaJly arranged beds of slate and ashes about half way 
between Manod-mawr and Llyniau-y-Gamallt axe the probable equivalente 
of similar interstratifications ammt a mile further north. Another &ult passes 
from near Moel-machyrig and west of the Gkunallt lakes to Craig-jr-gaieg-lwyd 
above Llyn-v-Morwynion,* where it branches into many dislocations too nu- 
merous to oefine on the map. This may be termed the GamaUt frmlt. 
Between these two main faults west of liyniau-y-Gamallt the rocks roll over in 
an anticlinal curve faulted on its east side, and the ashy and slaty layers 
of Uyniao-y-Gamallt are the eouivalents (changed in hthological compo- 
situm) of the lower part of tne workable sli^ north of Manod-bach. 




yr-Helei 

of the stream that rises in the lakes. It is a downthrow on the south, and 
all the ashesy slates, and felspathic porphvries that lie between it and Careg- 
Iwyd are the equi^slents again repeated of rimilar interstratifications ]ai3j 
described. Some of the skies have been quarried. They dip eibt and north- 
east. It is even possible that one or more of the porphvries of the area repre- 
sent on a smaller scale tiie greater porphyritic masses of the Manods and of the 
block of country above Hafod-Yspjrt^. The rocks of Y-Gamedd and Carej^- 
y-foel-gron belong to the same set. Otiier more marked dislocations occur m 
the immediate neighbourhood. On the summit of Y-Gamedd the word 
mmashed is the only term that expresses the state of the country, veins and 

* lliree miles south-west of Penmachno. 
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branches of quartz confusedly intermingled with slaty matter ramifying in all 
directions over a broad space for nearly a quarter of a mUe. 

The general cfFect of the entangled maze of faults north and 
north-east of Ffestiniog is that the Llyn-by wydd slate rocks * 
and their equivalents at the slate quarries near Llyn-y*drumboeth 
are thrown down so as to form the hills that overlook Llyn-j- 
Morwynion about 2^ miles to the soutli. The ashy and slaty oeda, 
which are associated with the slates near Uyn-y-drumboeth and 
Uyn-bywydd are by these faults repeated^ nrst, on the Manods^ 
next in and around the quarries immediately north of Bwlch- 
Careg-y-fran, and again further south on the east side of Sam 
Helen ; and not only are the slaty beds that are interstratified 
with Uie ashes smaller in quantity and otherwise deteriorated, 
but near Rhyd-yr-Helen yarious minor beds of more solid 
porphyries are associated with them^ in part equiyalent to the 
great porphyritic masses of the Manods. The following diagrams 
will help to explain the structure of this difficult country 
between the Manods and the Llyn Conwy and Meignint ashes, 
— an area so perplexed and intricate that it is ahnost impossible 
for any one to comprehend its details who h^as not, like Mr. 
Ayeline and myself, mapped each one of its component beds. 

Immediately north of Llyn Conwy, an east and west line between Fridd 
Pen-y-fedw and the slate quarries near Tan-y-rhiw,t gives the following 
section: — 

J^. 14. 

East and Wbst Section North of Llyn Conwy. 



- Fmoo Peii-v-FtAw 



\y \\ and 1^ Llandeilo flags. 
2 and 2^. Felspathic ashes. 
3. Llandeilo beds, eke. 
/. FanlL 

No. 1 represents the dark blue slate of the Llandeilo beds that rests on the 
iffneous rocks all round the great Merioneth anticlinal, 1' the repetition of 
the same rock by the Ffynnon Eiddew fieiult, and 1" the equivalent T^UnH*iHff 
beds near Tan-y-rhiw on the north-west side of the Penmachno fault /. No. 2 
represents the felspathic ashes of Llvn Conwv, and 2' a low-lying part of the 
equivalent rook of the Gamallt range. No. 3 indicates the Llandeilo slate and grit 
underneath the ashy beds, the higher part being equivalent to the fossiliferous 
bands of Tai-hirion and Camedd lago, and the lower strata perhaps repre« 
senting part bf Lingula flags which further south, on the banks of Llyn-y- 
dvwarchen, (^ntain Lingule. The whole country is thus repeated by the 
Ffynnon Eiddew and Caregog finult marked /. 

The same rocks show the following more complicated arrangement on a 
north-west line from the slate at Llechwedd-mawr, half a mile east of Cerrig-y. 
lladronj: to Moel-bywydd north of the Manods. 



* A mile and half north of Manod-mawr. 

t About 5 miles norUi-east of Ffestiniog. 

X About 6 miles flnom Ffestiniog, a little north of east. 
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The whole oounbj iUustnted by this dufrram lies in the fbns of s fknlted 
antidinal curve, the uhea of Llfn-Djwyitd, Ll^iau-T-GsnuLlU, and Ctnig-j- 
lladion beinc identical, althougE tbm are coiiEiderable vniations in the nstun 
ofMHoeof Oiar uaooated bedi. Thnsthe ashes of Y-GsnuUt, like those of 
Lljn-y-dnmiboeth, we int«Tstimtifled with slotea ; bat, while thera are great 
mud profitable slate ^narriea near ihe Utter place, near Y-Gamallt, the equi- 
valent alMj bands m the uhes are short, iircf^Iar, and none of them of 
mKtable qualiW- The ashy bands hare thickened, and the shv^ beds thinned 
to compantiTe maignificance. The rocks of Lljn'CoDWj and Cenig-j-lladron 
exhibit a still lai-ffer derelopment of the same igneotu material, forming a thick 
■obdlj bedded mass of felapathic porphjritic and brecciated ashes, spannfilf 
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intenningled with short lenticular bands of slate. The felspathic lava beds 
have also their rapid variations, and though some of the bands near Llyn^^y- 
Morwynion may represent the Manod porphyry, there is no trace of porphyritic 
lava at Llyn Conwy and Cerrig-y-lladron. The trap that overlies the ashes on 
the Gamalit range is absent above the ashes of Llyn Conwy and Llyn-bywydd, 
at the opposite ends of the anticlinal curve. 

The great mass of the Manod porphyry might be supposed to be an intrusive 
boss, especially as (eliminating the faults) it thins away so rapidly both to the 
east ana west,' Nevertheless, it decidedlv underlies imaltered slates and ashes, 
and overlies altered Llandeilo beds, and altogether it maintains so regular a 
horizon, and otherwise so behaves in connexion with the fi&ults, that all the 
evidence is in favour of its non-intrusive and interbedded character. This 
probability is not diminished by the circumstance that between Cerig-y-Uadron 
and the Arenigs there is a mass of porphyry similar in lithological character 
to that of the Manods, and occupying the same position between the ashes and 
the underlying fossiliferous strata. 

Its disappearance between Llyn Serw and the Manods is no proof that the 
masses are not equivalent and contemporaneous, for the original edge of the lava 
current might be so irregular, that we must not expect to find it cropping out 
everywhere from beneath the overlying ashes, which, as originally deposited, 
may in places have overlapped its edges. If this be so, then it may spread 
northward from Llyn Serw deep under ground, in such a way, that before the 
faulting and denudation of the country it was continuously connected with the 
porphyry of the Manods. 

Many of the faults in the area above described, between the Llyn Conwy ash 
and the Manods, are also lodes ; and one of these, at Llechwedd-mawr, was 
worked for lead. The fault that runs north from Ffynnon Eiddew is a broad 
lode, chiefly filled with quartz and a kind of hard cherty matter. In places it 
has been worked for manganese. .On a broad space on the top of Y-Gamedd 
the rocks have been much dislocated, and the dislocations are entirely filled 
with quartz. The south-west lode at Rhyd-yr-Helen yields a htde copper 
pyrites. The north and south lode west of Llyniau-y-Gamallt was formerly 
worked for lead, and several others round the Manods yield small quantities of 
that mineral mixed with quartz with which the lodes are chiefly filled. It is 
said also that traces of gold have been found in lodes north of these mountains, 
but none of the lodes of any kind have been worked profitably for many years. 



CHAPTEE X. 

The LiNGULA Flags and Tbemadoc Slates between 
Rhobell-fawb and Tbaeth-bach. — ^Fossils op the Tbe- 
madoc, Llandeilo, and Bala Beds in Mebionethshibe. 

General Description. — North of the great mass of greenstone that 
forms Rhobell-fawr the Mawddach flows from east to west. 
Between this river and Traeth-bach* the Lingula flags preserve 
the same character that they possess on the shores of the estuary 
between Barmouth and Dolgelli, , and the fossils are the same, 
Linguhlla Davisii, Hymenocaris vermicauda^ Paradoxides Davidis 
and P. Forchammeri^ Olentis micrurus^ Agnostus princeps^ and 
Cruzianuy with many other undescribed forms. (Plates 2, 3, and 4.) 

The Tremadoc slates near Tremadoc and Llandeilo beds are 
not yet known on the flanks of Cader Idris and the Arans, but 
this may arise from the circumstance that they have been more 



* Map 75 N.E. and S.E. 
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doeelj hunted for fosfiild. Oil the northern curre of the great 
Merionethfihire anticlinal the aame assemblage of forms waa found 
by Mr. Salter along a range of 20 miles between Taihirion and 
the eetnaryof Traeth-mawr. 

The whole series down to the Cambrian grits ia pierced by 
numerous dykes and masses of greenstone, but no contempora- 
neously interbedded porphyries are associated with lingula flags 
here or elsewhere in Nortn Wales. 

JJmgu la Flaps* — ^North of RhobeU-fiiwr the Idngnls flags, with varioiu 
undtilstioiiB, dip more steadify eastward than in the slaty ground that partfy 
smnranda the maaa of greenstone. Thejr chiefly constBt of grey micaoeous slate, 
aandy flags, and grits, here and there mterstratified with dark blue or black 
slates. &wd examples of the more sandy beds, sometimes ripple-marked, may 
be seen on the banks of the Mawddach and on the hills north and north-west 
of Craig-T-Dinas. The bonndaiy between the Cambnan and Silurian rocks 
runs by the beautiful waterfiUl of Pisiyll-Cain, where, however, the rocks are 
so much fractured and confusedly intermingled with greenstones, thai is im- 
possible to say whether or not the very lowest beds join the Cambnan grits. 
Thqr are, however, very low in the series, seeing that a little further nortia tiie 
grita of Crsig'^y-Penmaen dip steadily and regiidarly under the fjingnla flags 
at angles of about 30^. In this neighbouriiood one trilobite, Paradom£^ 
Porekammeri, was found) by Mr. Selwyn near the gold mine in Cwm Eisen, 
and numerous specimens ofLimptMla Dammi (PL 2) in the banded grits and 
slaty flags west and north-west of Craig'^y-IHnas and Gallt-y-Daren. The 
general anangement of tiiese fosdliftfous stnta on Biyn-pig, and from tiience 
to the Cambrian rocks near IHwsfynydd, is well expressed in the Section, 
PL 28, No. 3.t Further ncMih they occupy a wider space, rising and foiling 
in anticlinal and syndinsl curves in the countiy watered by the rivers Gain and 
Pkysor, and two small bosses of Cambrian rocks reach the surface by a com- 
bination of curves, faults, and denudation. The larger patch is a mile and a 
half in length and from a quart» to three quarters of a mile in width. On the 
north and west the Lingula flags rest on it at angles of about 18^; on the south 
and east thcjare fiudted against it. The smaller patch lies about three miles 
K.N JB. of Tkawsffnydd near Castdl-y-Prjsor. On the east the Lingula flags 
rest on it at angln of about 3(F, and, like the larger boss, it is also bounded on 
Ae south and west by frnlts. Notwithstanding these curves, however, south 
of the river Prysor the general inrlination is eastward, but, beyond, the rooks 
begin to dip to the north-east and north, following, between Ffestinii^ and 
thesea, the strike of the great anticlinal in its course towards the west. 

it is in the immfdiate neighbourhood of IVaws^y dd that the dome-shaped 
Cambrian strata curve round to the west; for, wlule near the Trawsfynydd 
fimlt ibej strike nearly east, abutting on the l<ingnla flags, further west on 
the crsgs of Diphwys, and Y-Graig-ddrwg, they assume a north-east and 
south-west strike, and dip towards the Lingula flags of IVaeth-bach and Morfa 



West of Craig-das rithin % the fjingnla beds form a svndinal curve. The 
Cambrian rocks do not, however, crop from beneath their western margin, 
for tiie Tmwsfynydd and Ffestiniog fruit by a downthrow on the east cuts 
out both the Upper Cambrian beds and the lower part of the f<ingnla flags, 
so that on the east side of the great anticlinical, the apex of which lies 
south-west of Trawsfynydd, only uiout 1;800 feet of thb Cambrian beds, roll 
towards the adyoining lingula flags. The throw of the fruit, therefore, near 
Trawslynydd,! cannot be 1»8 than about 2,400 fiset. ^ The evidence of tiie 
fruit is pcsfect, since both formations yield a sufficiency of dips, and are 
seen to sMce directly at each other. In many places along tiie road between 
Trawsfynydd and lyrddyn-du the Cambrian gnts rise in thick shelving beds 
that dip a little to the west of north, at angles varying from 10° to 25P and 
rarely 40^. 

Near Ffestiniog there are numerous LinguliP in the grey flaggy ripple-marked 



* Six inch seetioiis, Sheet 29^ line 1. 
I About 9( miles &W. of Ttewsffaydd. 
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slates and grits in the river above and below Rhaiadr Cynfiiel, whichj together 
with simils? rocks bj the town, are the general equivalents of the fossiliferous 
strata of Biyn-pig'and Gallt-y-daren. On the same side of the Ffestiniog 
faul^ further north, and a little higher in the series between Ffestiniog and 
the stream under Pengwem, the grits are fine grained, and somewhat spotted, 
talcose and flaky, and these, in ascending order, pass into the speckled beds 
(afterwards to be described) that occupy about a mile of country west of Manod- 
bach south of Careg-du. 

Good sections of a high part of the Lingula flags occur further east near 
Llyn Treweryn, and in spite of the drift occasional patches of rock are exposed 
in Nant-y-Uadron, Nant-y-j^roes, and on the shores of Llyn-y-dywarchen.* 
They consist generally of thm grey slaty beds, flags, and grits. Like those of 
Dolgelli, some of the slates are almost black, and the whole are more or less 
pyritous. At Llyn-y-dywarchen I found lAngukUa DavisU in sandy flags vnth 
wavy rippled surfiftces, and also in similar strata mingled with dark slates by 
Pont-y-lladron, Mr. Salter found numerous specimens of the same bivalve 
accompanied by ripple and Annelid markings. A little east of the bridge there 
are two quarries of thin bedded dark grey flaggy rocks, containing a small 
variety of lAnguUUa Damsii and Annehd marks :t and the latter also occur 
on the grits and slates that strike southward between the quarries and Camedd 

ISffO. 

Many parts of the Lingula flags east and south-east of Ffestiniog are pierced 
by masses of greenstone, all much smaller than the broad-epreadmg rocks of 
Iwobell-fawr. They are especially numerous in the district between Afon Gain 
and the Ffestiniog and Bala road. 

To describe each in detail would serve no useful purpose. The rocks in 
contact with them are often altered, and the greenstones have firequently been 
thrust between the beds. Without careful observation one miffht be apt 
to consider some of these as rising sheer through the strata, and as havinff 
a greater sohd bulk than they possess. Some of them seem to be isolated 
sheets of greenstone resting on the slates, once connected with neighbouring 
masses, but since separated by denudation. Occasionally they are largely 
crystalline, homblenae forming the principal constituent, but in other cases 
(and these are generally less crystalline), they look so grey and felspathicthat it 
is not without hesitation that they have been coloured with the greenstones, 
though in the very same mass these varieties often graduate into each other. 
The section^ crosses one of the larger and more solid looking bosses at 
Craig-das-Eithin,§ Fig. 3, pi. 28. 

Tremadoc Slates and Llemdeilo Beds. — ^The regularity of succession is some* 
what interfered with by the faults south-west of Manod-bach, ^ich for a 
space induce easterly dips, and help to throw the lower part of the speckled 
flaky beds eastwara. Between Cae-blaidd and Manod-bach, the section is 
however more regular, and the Tremadoc slates and lower Llandeilo beds have 
been detailed by Afr. Salter in the following ascending order, beginning near 
the top of the true Lingula flags : — 

' 1. Light coloured hard spotted beds. — Lingula Flags. 

2. Spotted grey sandstones. *] 

3. Qrty sandstones indistinctly spotted. I Upper Lingula Flags or 

4. Grey flags and granular sandstones. f Tremadoc Slates? 

5. Grey concretionary sandstones. J 

6. Grey sandy beds, flakv, containing 
Calymene Mwrchisfm and Asaphus cfinis. 

** 7- Liffht spotted slate, and grey irre^- 
larly bedoed sandstones, with numerous im- 
pressions of Calymene Murchisoni or C parvi" 
frons, Ogygia Selwynii (PI. 9), and Trinueleus, 

" 8. Tnin bedded flaky slate, somewhat 
ferruginous, containing Orthis Calligramma" 
(PL 22.) 

* About 6 miles east of Ffestiniog. 

t This is the place of the Tremadoc slate, but the peculiar fossils of that group 
ooenr further west. 

i Sheet 29, line 1 , PI. 38, Ko. 8. 
Two miles and a half S.E. of Trawsfynydd. 
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>-Lower Llandeilo beds. 
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BeUreen this and the felsione p o r phyry of the Manods there lies the thin 
slaty band sliesdy described. 

Luufmta Flags, ijf^,, wett of Ffetiiadog, — In the upper Cambrian beds near 
Tf ddyn-dn the textore of the strata undergoes rapid variations. Some of the 
beds are coarse f<rits, with large oral grains of decomposing felspar. This 
passes into fine-grained, compact, hard ^rits, some dark, others lighter, with 
disseminated flakes of sbtr matter that gnre a streiJcy aspect to the rock. 

A strip of soft grmmd that lies between the Cambrian and the lowest of the 
lingola grits is probably oociqiied by beds of passage, equivalent to those at 
Aber-rihsmffroch near Barmouth. 

Between Ffestiniog and the sea the lingula flags are similar to those on the 

in PL 28, No. 3.* The whole eountn^, especially north of the river, has a 
ron^ and ragged appearance, caused by interstratification of hard sihoeo- 
fd^aUiic grits with softer slaty beds, tiie peculiar hardness of many of the 
strata being due perhi^M to the toughly mndin^ character of . new silicates 
of soda andpotash formed by internal decompositions snd new combinations in 
the body of the rode. There is a strong resemblance in the outlines of the 
ground between the estuary of the Mawddach and the top of Cader Idris snd 
^a^bach and Modwyn, owing to the nature of the rocks being neariy 
identicaL 

WiHi the view of determining the precise paloontological succession, the 
sections have been repeatedly examined by Mr. Salter, to whom I am indebted 
for the following minute detail respecting the strata between Ffestiniog and 
Tremadoc. 

The lowest I<ingula grits are well seen on the ground near Tafem Helig.f 
They are hard, thick, and coarse, and ^^enerally more grey and softer than the 
Cambrian beds ; but, like them, contam numerous angular and sub-angular 
grains of felspar. Other more flaggy and compact beds are associated with 
them, and those at the neighbouring^ lodge gate are succeeded by fine-drained 
grits that alternate with layers of thm bedded black ferruginous slate, jointed 
out not distinctly cleaved. A considerable thickness of black slate succeeds 
these alternations, and at the first sharo angle in the Avenue grits again 
appear, which, in their turn, are succeeded by a thick series of hard sandy grey 
beds, with rippled surfeoes and Annelide tracks. Black slaty layers still occur 
in these, and the joints are ftiU of oxide of iron. Above there are dark grey 
ferruginous slates, in which Mr. Salter found lAMguietta Dauisii, AgmoatMS pnt^ 
eefs (PI. 4), and Olenms nucrmrus sparingly distributed. In similar slate a little 
highCT the surfaces are rippled, still marked by Annelide tracks, and full of the 
aame Agnostns, Tliin hiud black ferruginous layers are more or less inter- 
stratified with these, good examples of which occur at Cae'n-y-coed, in the 
upper part of the villa^ of Maentwrog, and at the waterfeU where the beds are 
full fA Aynostus.X This black slaty pvt of the series is probably about 1,300 
feet thick, and occupies neariy half the ground between the Cambrian rocks 
and the river Dwynrd. The cleavage of all these rocks is imperfect. Over- 
lying the black shales there is a thick series of compact sandstones as fer as 
Maentwrog turnpike with subordinate beds of slate containing trilobites and 
Annehde tracks. 

Higher in the f singula series at Tan-y-bwldi there are beds of flaky 
sandstones (with iron rust in the lines of cleavage), which ahemate with a few 
thinner and more slaty beds. Similar strata occur at the west lodge of Plaa 
Tao-y-bwlchjtnd below BiTn-mawr,but more wavy in outline, and fSxnre than 
flaky beds containing smaU balls of iron pyrites. In the lower part of the 
garden quany in front of Tan-y-bwlch Inn the layers contain JAngvielUtci all 
siaes ; and the upper beds of harder grit exhibit a few Annelide tracks and 
burrows. Behind Bryn-mawr and Tan-y-bwlch there are fine-grained beds. 



* Also in 6-iDch Seetiflii, Sheet 28, line 4. 

t Where the tnrnpflLe roads branch to Maentwrog soofli-west of Ffestiniog. 
X Mr. Salter informs me that immense qnantities of AgnoUmt primeeps (fttnetly 
li^eved to be the aame as the ^ pm/ormu of the Swediidi Alnm slates) are to be 
in the reeks bdow the waterfidL Every flake of slate is crowded with their 
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which Bplinter into penoiU of 8 or 10 inohes in length, and oontain AnneHdes, 
lAnffulella Davisii, and Cruziarui semiplicaia. They alternate with hard bands 
of grit, and are succeeded by a bluish cleaved flaky slate, containing lAaguklla 
Daoisii, much distorted by cleavage. A well-denned set of ferruginous slates 
rests upon these beds. When freshly fractured they are intensely black, but 
contain so much iron that its oxidation imparts a rusty hue to the rocks above 
the tramway, forming a distinctive and peculiar feature in the landscape, like the 
red hills on the banlu of the Mawddaoh near Llancdltyd and Tyn-v-groes. This 
upper black slate can easily be traced, in spite of numerous small cross faults, 
from the turnpike road near the quav, across the tnunroad above Biyn-mawr, 
and through tne hills behind Tan-y-owloh by Y-Dduallt (near which they have 
been worked for iron) towards the Ffestiniog fault. They contain on the tram- 
way south of TafiEurn-trip,'*' Dictyonema aoouUe, and a species of Conoeoryphe, 
probably C. invito (PI. 4). 

The base of the lower Tremadoo slate immediately overlies the beds described 
above, consbting of bluish slate, slightly fBrruginous, and splitting into pencil- 
like fragments. It contains many small Lii^ulelUg, and is^much used in the 
walls of the neighbourhood. A hard compact grit rests on this, followed by 
thinner beds where the old Beddgelert road begins, above wluoh are hard 
fine-grained speckled grits - and flaky beds, mingled with a little ashy matter, 
about half a mile north of Tafam-trip. On these lie the coarse quartzoae grits 
of Bwlch-y-Maen of considerable thickness and about 10 miles in length, vid 
about this horizon the lower Llandeilo slate, with genuine ashy interstrotifi- 
oations, begins. 

Excellent sections of the Lingula flags occur on the ground between Maen- 
twrog and Morfa Harlech. Wim some minor curves, they generally dip to the 
north-west at angles between 25^ and 45°, inducing a diaiticteristic series of 
sloping lines on the hills, that miles off indicate to the experienced eye the 
average inclinations of the strata. The beds correspond^ to those between 
Maentwrog and Tafkm-helig. 

Concerning the promontory of Penrhyn, between Traeth-bach and Traeth- 
mawr, Mr. Salter has observed the following order in the strata, and haa con- 
structed a section across it. 

Fig, 16. 
Diagram' Section across thb Pbnrhyn Promontory. 

I 




Lingula Fulob. 

1. ^Ccaceons light-coloured flaky sandstones. OJeniu, LingvJeUa DavisiL 
la. Black fermginoiis slate. Orihia, OUntu^ &c. Dietyonema at the fop. 

Tbexaboo Slate. 

2, 3, 4. Iron stained dark slates, with a thick series above them of hard blue rock, 

sometimes almost massive, with occasional beds of pisolitic iron, and with 
many lines of feUpathic matter. (A &w beds of the same nature lie below 
the dark slates.) JPaUocepheUug innotaiua, Ntobe Hcmfrcufi (PL 6), with small 
LinguUUa, and the Dictyonema aoctaU, are characteristio of it [Lower 
Tremadoc slate.] Hills above Aher-ia, near Deadraeth. 
5, 6. Slate with a pencil flractnre, in thick beds, interspersed with hard, tough, 
and sandy layers, the same as those quarried for building at Portmadoc. 
AMiphuM Homfro^ was found here (PL 8). The same beds rich in fossils 
at Tremadoc. 



♦N-W. of Maentwrog, 
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7, 8. AUematiiig leries of hard Unish flat-bedded - slates and pencil slate (soft 
slate with a doable cleavage, which breaks the rock into thin pencils) ; 
fiwsils rare. Penamser, Fenihyn-Uwyd, &c. [The iron ore occnrs in this 
series at Tremadoc.] 

9. Soft thin bedded sandy shales. Marsh opposite Deodraeth, Minffordd, &e. 

10. Haid bloish flags. Garth Hill, north side of west end of hill, and sonth side 

of east end, reaching to Dendraeth. Rich in fossils. See list in Appendix, 
AmgdiMa^SedgwiekiMj AsaphuM Homfirayi, CketntruM, Omfffia acutatrix (PL 9), 
Omulariaj Orthocenu^ &c., with large specimens ofLingukUa DamtU, 

The greenstone penetrates these (10) beds somewhat obHauely, so as to lie 
on the chief part of them towards tiie eaat side, and under tnem on the west 

aide. 

« 

LOWEB LukaPBILO. 

1 1 . Thick grits, felspathic near the base. Gtarth Hill ; no fbasils. 

12. Flat-beaded iron-stained black slate. Ty-obry ; ftill of eharaeteristie fbssils. 

Cafymene Murchitoni, AMophtu qffinia (PL 8), IHomide atra, ^^ina eali- 
ghuma (PL 11), with grapuiiteg^ &e. See Appendix. 
18, 14, 15. Fine-grained blniah black slate, sneoeeded by ashy slate, and this by 
an ash bed, follow in the marshy ground to the north, and are the eqaira- 
lents of the beds of Tan-yr'-Allt, on the opposite side of the estnary. 

In tracing ont the really simple arrangement of the beds in this insulated 
tract of country, the presence of the peculiar band of black and ferruginous 
slates is of great consequence. They can be traced by short traverses from 
the turnpike road, along its east side, in front of the mil farms of the Den- 
draeth. They come to the shore in considerable thickness at Aberffafron, 
whoe they are highly contorted alon^a north and south line of &uit, and, 
leaving the water's edge again at Borthwen-mawr, continue by CasteU- 
Dendraeth to Aber-ia, where they are cut off by ftiults and turn north-westwards 
and reach the estuary at a cave near the ea^t end of the embankment. Here 
they are seen to be overlaid in the pleasure grounds of Aber^ia by the dark 
earthy slates. No. 3, and these again oy the hania beds No. 4. 

These bluish hard beds (4), often a ribbon-slate, form the ridge ot the 
country by Plas-yn-v-Penrhyn, and through the grounds of Castle Dendraeth, 
&C., and then are foUowed in the broken knoUs that range towards Min- 
Ifordd, by the pencil slate and its associated harder shales. The low marshy 
ground is occupied by the soft shales. No. 9, but no fossiliflerous of beds con- 
sequence (tliough fossils are here and there met with) occur till we reach the 
fairer bnihy ground of Garth hilL^ 

The grit. No. 11^ is from 400 to 500 fiset above that of Bwlch-y-Maen. 

Between the Ffestiniog and Trawsf^ydd fkult and the mouth of the estuary 
of Traeth-bach the Li^rnla flags are penetrated by numerous greenstone 
dhrkes, chiefly of a dark green colour, like the or^naiy homblendic varieties, 
lliey generally, but bv no means universallv, run in the line of strike, and as 
a rule entirely resemble other greenstone (fykes in the same position on the 
east and south of the Merionethshire Cambrian strata. 

Between the Cambrian |^ts and the ^enite of Moel-tan-v-grisiau north- 
west of Ffestiniog the Lmgula flags attam a thickness of abcrat 5,000 feet. 
Above these are not less thui 2,000^ feet that Inay be Tremadoc slates. The 
whole, with slight exceptions, dip steadily north and north-west at angles vaiying 
fiom 20P to 40° or 50^ PL28,No.3.t 

Underneath the sands of Traeth-bach the Lingula fla^s pass into the Tre- 
madoc and Cricdeth country. But before explaining the structure of that 
area it will be more convenient to describe the rocks that overlie the Ffestiniog 
syenite, and the igneous rocks of Moel-wjn and Cwm Orthin. 

The svenite lies rather more than a mile north-west of Ffestiniog, and is 
about 2t miles in length by nearly a mile in width. On the west it tMns away 
to a point, and on the east it is bounded by the fault that cuts off the Cam- 
brian rocks near Trawsfynydd. The whole forms a rocky moorland, strewn 



* The shells and trDobites of &is rich locality are noted above, 
t Section Sheet 30, line 4, and Map 75 N.E. 
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with its own^f^ragments, and boulders from the neighbouring hills. It consists 
principally of a granular compound of felspar and quartz, with a sparing 
• admixture of specks of poorly crystallized hornblende, and is by no means a 
fine specimen of its -class. Up to its south-eastern edge the Lingula flags dip 
steaddy towards it, and on the opposite side the strata seem in a measure to 
rest upon it, although both its nature and form preclude the idea of its being 
a bed of contemporaneous lava like the felspathic rocks in its ndghbourhood. 
In some parts, too, the line of junction is broken and irregular, and round its 
marffin tne stratified rocks are highly altered. A ffood example of this occurs 
on the north of Cefh-trwsgyl, where the strata at the upper junction have been 
altered to the point that is difficult to define the precise limits of the stratified 
and unstratified material. 

The rocks on the north-west and west of the syenite possess a character so 
singular that it is almost impossible to define them, the more so that on all 
sides they pass insensibly into those other varieties of stratified rock that form 
the mass of the neighbouring country. As a convenient distinction in the 
Ffestiniog district, they were called by Mr. Selwyn Upper Linffula flags, 
though in reality they belong to the Tremadoc and Lower Llanoolo slates 
since determined by Mr. Sslter. In the joint description by Mr. Selwyn and 
myself they are said to consist of " grey and brown ashy and arenaceous flags, 
** often very felspathic, with thick bands of semi-orystelline felspathic ashes, 
'* and banos of blue sandy pyritous slates." As a mass, it certamly does not 
deserve the name of ashes, and yet there is so much volcanic material inter> 
mingled with it that in places it is impossible to refuse it that name. Excellent 
sections are exposed on the hills on either side of the road leading from Tan-y- 
grisiau to Cwm Orthin, or from Glan-'r-afon-ddu and Ael-goch towards Llyn- 
trwstvllon,* but, indeed, the ground is so bare, rugged, and cliffjr that almost 
anywhere between the Manods and the Beddgdert road, near Llanfrothen, the 
whole series is exposed. It is formed of beds varying from (^bout avquarter of 
an inch to 2 feet m thickness ; the thinner beds predominate. Being perfectly 
stratified, these rocks present a beautifrilly banded structure, rendered more 
prominent by the unequal decomposition of beds of different degrees of hard- 
ness. Their colour when fractured is bluish grey, curiously spoiled or mottled 
like some honestones, or those rocks sometimes called variolite. These pass into 
a variety of rock composed of felspathic matter, speckled Mriih hornblende, 
somewhat crystalline, but generally arranged more after the manner in which 
that mineral occurs in some varieties of gneiss, than in true crystalline rocks 
that have been melted. They cannot, however, be classed with the prneissie 
rocks, for this structure is exceptional, and the nature of the rocks is such, 
that their characteristics seem partly to belong to peculiarities of original 
depositions, partly to subsequent metamorphism connected with the occurrence 
of the neighbounng syenite. Some of the beds are talcose, and in general 
the^ are vety fine grained. In some places thick beds of grey grit occur, as, 
for instance, by the road above half a mile below Llvn OrSiin. In others the 
rocks are interstratified with irregular bands of blue pyritous slate; and 
indeed, the blue muddy matter* used in the formation of the slaty beds is 
mixed in every possible per-centage with the more felspathic and talcose sub- 
stances that form the main mass of this country. Especially towards the 
lower beds it would be easy to collect specimens showing a perfect passage 
into any of the varieties of ordinary flags on which it reste, and the same 
maybe said of ite passage into well-aefined bands of true felspathic ash, such 
as those on the hius immediately above Llyn-y-gamedd, north of Tan-y-bwlch. 
Some of these ashes are porphyritic, this structure being nrobably due to the 
original mixture in the fine-grained matrix of broken ana perfect crystels of 
felspar. Possibly, however, the imfractured crystals may have been partly 
formed by chemical decompositions and re-aggregations during or even sub- 
sequent to consolidation. 

Being contorted, these ashes occupy a space comparatively broad, and 
the difficulty of mapping them is mcreased by tne circumstance- that 
ash, slate, and variolite wedge and pass into each other so rapidly that. 



* Cwm Orthin lies 3 miles from Ffestiniog north-westerly, and Dy&-7>ir8tyttoii 
dose nnder the peak of Moelwyn on the south-east 
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within 100 judfl or so, the very same bed firequently entiiely changes its natmc^ 
so thmt any bcynndarjr line must ialsiiy so nur the facta of the case. Finally, 
the ashy xoeks almost entirely die away on the south-west before readiing t^ 
Beddgdert road, save where two smiul masses occur at Ynys-gwely and the 
hill south of Hiiynys in Trae^-mawr. These, from their position above the 
sandstones of Garth,* must be in the Uandeilo series. 

It is worthv of remark that a great change takes place in the lithological 
character of uese rocks as they pass eastward, for thea peculiarities disappear, 
not by the thinning out of the beds, but because they gradually lose much of 
thdr speckled appearance, and pass by insensible gradations into /ordinary 
fossiliferous grits and slatv beds. Vndet (tibe Manods, however, they are still 
in part distinctly speckled and talcose, and indeed traces of it occur as far 
south-east as the neighbourhood of Xant-y-lladron. From the true LingulA 
flags upwards the whole of this talcose series has been here and there pierced 
by ffreenstone dykes, some of which majr be seen on the banks of the Ozthin, 
ana on the rocks on the north and east sides of Llyn Trwst-y-llon. 



CHAPTER XL 
The Ignsous Bocks of Careg-du, Cwh Okthin, and 

MOELWTN, Ain> THE STRATA BENEATH THEIL — ^ThB LiNGULA 

FukGS AND Themadoc Slate& — ^The Bala Beds above 

THEM^ and the GbEENBTONES NEAB TbEMADOC. 

General Deseriptian. — JTie Moelwyn Range^ Sfc. — North of 
Ffesdniog the felstones and ashes of the neighboarhood attain 
their greatest development on the two Manods^ where the lower 
porphyry especially is of remarkable thickness. Westward of 
these monntains, on the m^ed hills that overliang the entrance 
to Cwm Orthin, and on the eastern clifi of the two Moelwyns, 
the interbedded porphyries^ ashes, and volcanic conglomerates 
strike to the south-west^ but beyond Moelwyn they become 
rapidly thinner^ and finally die out altogether on the shores of 
Traeth-mawr. Below, the ashy beds are partly interstratified with 
slates, and above they are interbedded with dark blue slates of 
the age of the Llandeilo flags. 

Hie rocks of the Moelwjrns being identical in general position 
witili those of the Manods, Llyn Conwy, and the Arenigs, it 
follows that the strata between Moelwyn and the syenite of 
Ffestiniog described in last chapter are the equivalents of the 
fossiliferous beds of Tai-hirion and the Manods, and proceeding 
westward along the line of strike across Traeth-mawr to the 
hills round Tremadoc, we find the same strata, with well marked 
groups of fossils ranging firom a low part of the Lingula flags 
up to undoubted Bala beds. 

The vertical throw of the north and south fault that skirts Manod-bach is 
probably not less than about 2,000 feet, for tihe rocks dip north at considerable 



* For the fossUs of Garth, Me p. 69. 
5842. K 
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angles, and the whole country is thrown down and forward on the east, so 
that the lower margin of the Manod porphyry is separated more than a mile 
from Gareg-du, its equivalent on the west side of the dislocation. The 
FfSestiniog and Trawsfynydd fi&ult is also a downthrow on the east of about 
equal amount in this neighbourhood, and two minor cracks lie between them, 
the principal of which affects the felstone porphyry, and is a downthrow on 
the west. This arrangement of the strata is due not to the masses having 
been thrown by successive steps forward to the south, but is the combined 
result of downtnrowand denudation. 

The Careg-du* porphyry corresponds to that of the Manods. It is of the 
ordinary felspathic kind, and in places columnar. A thin band of altered slate 
underlies it, visible above the road near the southern margin of the felstone. 
Speckled beds underlie this slate, and both correspond to the strata that crop 
m>m beneath Manod-bach. North of Careg-du two veiT thin felspathic ashy 
bands occur in the slates, the whole corresponding to the rocks of the slate 
quarries already noticed between Moel-bywydd and Llyn-du-bach.f On the 
west the porphyry aJmts against those talcose and speclded beds that underlie 
it on the south. This is the result of a downthrow on the east along the 
Trawsfynydd and Ffestiniog fault. There can be no doubt, then, that the 
felstone cliff, a httle south-west of Tal-y-waunedd (on the west side of the 
fault near its northern end) is the equivalent of the masses of Careg-du and 
the Manods, and this rock, Mrith two small interruptions, is continued south- 
ward as far as the broken slopes on the eastern side of Moelwyn-bach. 

North-east of the stream that flows from Llyn Orthin above the brook and 
tramway, the lowest of the igneous rocks consists of a thick mass of felspathic 
ashes and conglomerate. Near the Ffestiniog and Trawsfynydd fault it is 
hidden by the rubbish of the slate quarries, and on the west, oefore reaching 
the stream, it either thins out or passes imperceptibly into the speckled rocks 
already noticed. The agglomerated fragments are both rounded and angular, 
more gener^y the latter, and it then becomes a sort of scoriaceous felspathic 
breccia. It is succeeded by a thin band of slate, which separates it from the 
felspathic slaggy-looking porphyry that lies between the conglomerate and the 
slate quarries. This abuts against the fault, near Tal-^-waimydd, and from 
thence, passing about half a mile to the south-west, it is mterrupted by a short 
dislocation, and then, after a natural break in continuity of about 100 yards, 
it re-appears, and striking westward crosses the valley of Cwm Orthin, a little 
below the lake, resting duectly on speckled fla^s. The band of slate, however, 
that elsewhere separates it from the underlymg rocks, very soon re-appears, 
and both pass south-westerly, crossing the stream that flows from Llvn Trwst- 
y-llon immediately below tne lake, and finally the porphyry ends aoout half 
a mile farther south. Its average thickness is from 300 to 400 feet. Its 

Eosition on the right of liyn Trwst-y-llon, and that of the underlying thin 
and of slate, are shown in the section, Fl. 28, fig. 3.;( The slate that rests 
on it is unaltered, while that underneath is often porcelanized, and this, in 
addition to structure, helps to indicate its origin ; viz., that it was poured in a 
melted state upon the muddy sea-bottom, ana had cooled before the deposition 
of the unalteKd layers that rest on it. I have (p. 65) identified it with 
the porph^ of the Manods, for its position with reference to Careg-du on the 
opposite side of the fault proves this. They underlie the same beds, and the 
same thin band of slate may be traced under all these equivalents, from Llyn 
Trwst-y-llon to the Manods. 

This line of Mstone is overlaid by another set of volcanic ashes and con- 
glomerates, which pass frx)m the country east of the outflow of Cwm Orthin, 
through Llyn Trwst-y-llon, and end a little south of the lake.§ Like the 



* About 3 miles north of Ffestiniog. 

See p. 55. 

Also 6-inch Sections, sheet 28, line 3. 

Marked ** felspathic ash conglomerate and breccia," in the 6-inch section, sheet 
98, line 3. The other band of volcanic conglomerate, that beyond Cwm Orthin, 
anderlies the thin band of slate beneath the ** slaggy grey porphyritic-felspar trap," 
ioes not occur in the line of the section. 
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lower miM it is fomelimeB bnoaaM, tbe indaded friffnieiito beinff mostly 
fslsiMihiey ftnd of all sixes, from a mete gnin to oea^ » Iboi in msmeter. 
BarelT it oontMiis roanded pebbles of quaits. A band of slate mider Mod-y- 
rfandd rests on this conglomerate. It has been qnanied for roofing pnrposes, 
bnt never can be woriced eflSsctaally, owing to its tliinness, and the high angle 
at whidi it dips nnder the twimfnii overhanging mass of the porphyry of 
Moel-y-thadd. Towards Uyn Trwst-y-llon a bed of porphyritio fdi^wihie 
ashes of about 150 leet in thickness wedges into this slate. It lies on the 
left of the lake. By means of a series of finitts it iqipeais on both sides [of 
Moelwyn4iach, tiie whole snmmit of which is much dislocated, the fr a ctunis 
being filled with lam vans of qnarts. It ends about Halbd-nchaf, near 
the old road to Beddgelert, and all along its course it is distinctly bedded 
aad porphyritic, crfstals of ftlspar being embedded in a compact olne f d- 
spathio base. Aborve it are beoi of slaite about 150 feet thick, and these are 
succeeded by a f dspathie lava bed, aboot 900 feet in thickness, that rons 
from Cwm Orthin, along the dope between Llyn TWst-y-Uon and the summit 
of Moehvyn. Like tbe otiier tnie felspathic lavas of this range it is mors or 
leas porphyiitie, and often ruddy, and sometimes perfectly, ocdmnnar. 

On vie summit of Modwyn, resting in the felspathic trap, are blue 
IJanddlo slates* (PL 28, fig. 3), equivalent to tiiose in the q[uames of Cwm 
Orthin and tiie otiier great quarries fhiiher east. Thin inconstant felspathie 
aad talcose bands conteining crystsls of iron pyrites occur in these, some of 
them passing timugh the quarries on the west oi the msstiniog fealt, sad 
re^ipearing on its opposite side between Oribian and the p o r phyr y of Craig-dn. 
Tliese and some otner thin layers on Mod-y-rliudd are now' in a distance of 
12 miles ttie sole repr e s c n tsfcves of ilie 800 feet of ashes that lie on the east 
dope of Arenig, and sp r ea d northward from thence to liyn Conwy. 

ifod-y-^etf . — ^I diaU now give the section of tiie lingula and superincumbent 
beds behveen the hiDs bdiind Tremadoc and the coast at the moutii of tiie 
eatuaiy. These beds round Mod-y-gest and soutii->west of the Treoiadoc 
green^ones, have been generally described by Mr. Sdwjn as dark blue shivery 
shies, often ferruginous, here and tiiere interstratifiea with arenaceous flag- 
stooes, and thin gr^ grtts bearing LmguiMi. On the road from Tremadoc to 
Criedetli they chp north-easteriy; and he condders them continuations of part 
of the rodu under Mod-y-gest, and equivalent to those on the road from 
Maentwrpg to Harlech. 'Hie remaining observations on tiie ground near 
Tremadoc are JNtf^ from persond obsenration, but chiefly from details eom- 
mnmcated by Mr. Salter* It quite comsponds with the other sections near 
Ffestiniog. 

"Hie lowest beds of the mass of Lingula flags to be seen on the road to 
" Ciiedeth are at Tnys Cynhaiam, where the stesta areh over, dipping north* 
** east snd north-west; but by proceeding south to IVeflys ana the coest,t 
the Lower black drtes are seen, and Morfe Bychan is occupied by a 
ferruginous part of the lingula beds e(|uivalent to those that he south of 
Maentwrog and Ffestiniog; they contam l An gm MU, Aguoshu, and Oletms; 
and they are succeeded by hard sandstones and grits, with fine grained and 
flaky gr^ date, containing Crustacea, LmgrnMla DavM, in profomon, and at 
one locdi^ tracks of vruritma on their sandy widetf rippled surfeces, 
see PL 3. These sandy beds are often micaceous and grej coloured, striped 
with whiter bands, very few of the upper beds being coarsegrained, hmgw- 
idZtf are also found at Bron-y-fod ; Hfmenoean$ and lAmffmleUa at Caieg- 
liden, at the entrance of tiie lane to z -wem ; also si £hryn-twr summer 
faonae; and especially on the hill descending to Penmorik Cburch, the shdls 
a>e most abundant. Borth, a mile south of Port Madoc, is a good locality 
for an these fossils. 
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* Ukp 75 8.E. ; SectioB, sheet 28, line 3. 

f A fine section of these Lower black slates is vidUe at the eaves of T-€haigddii, 
' en IMIyB and Criededi. The beds are much eontorted, overidd by tfie whde 
of As LingDla saadstoacs, and sgain eovcrcd (proceeding towards Orieeiedi) 
Trmnrtnci sistrs and Tilsidriki fliigi in irplsr ■but finm .T TT fl 
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The grey micaceous slate is very little affected hj[ deayage in this middle 
part of the series, the layers thin and wavy, and in part ftiU of patches of 
" drifted sand with broken and entire shells. The marks of Annelides cross 
" obliquely, sometimes under, sometimes above, the surface, and are either in 
" reliei or intaglio. When the latter, they have sometimes a raised edge, as if 
" pushed up on either side. The solid tubes appear to have been the contents 
" of the intestinal canal, for the sand is of different texture, and generally 
'' coarser than the surrounding matrix. Details of the mode of occurrence of 
" these tracks, which have been observed in situ, are given in the Appendix, 
" where, too, the localities explored by myself and our own collectors, or by 
" our friends Messrs. Ash ana Homfiray, are enumerated {see nage 245). 

" llie higher part of these beds is a smooth grev slate, ana on the rising 
" ground north-west of PenmorfiEi Church, it is literaUv crowded with lAngulelki 
" Davisii, It is the equivalent of the beds previously described immediately 
" behind Bryn-mawr and above Tan-y-bwlch, and other places along the 
" Ffestiniog valley* 1*he whole represents closely, both in lithological character 
" and organic contents, the beds near Dolgelli." 
Tbemadoc Slate. — *' These, by Penmorfa Church, are thin bedded, fine 
grained, blueish glimmering slates, with ferru^ous partings and imperfect 
cleavage. They are succeeded bv black ferruginous slates, which, however, 
are here by a fault less exposed tnan the same beds near Maentwrog. Here 
and there striped layers show alternations in the sediment, and just under the 
chufch, contam Conocorypheinvita, Olenusalatus (P1.4), AgnostusprtMseps^ and 
lAngulella lepis, besides numerous impressions of Orthis vaticina, observed in 
" these strata for the first time. On the east side of the S.S.E. fault at Bron-y- 
" foel slate quarries, and at Y-wem they are lost, the Lingula flag being 
'^ succeeded by the Tremadoc slate. The true, lower, sandy Lingula flags abut 
" on these on the west of the feult that runs S.S.E. from Y-Wem, but are 
" followed regularlv along the south side of Moel-y-gest and through the 
" woods of Borth, first by the black upper Lingula flag, with its characteristic 
" trilobites, and then by the Tremadoc slate." 

On the north side of Moel-y-gest there is a fault striking E.S.E. It is a 
downthrow on the south, repeating on the north slope of the hill the beds 
about Tremadoc. The underlying grits have been altered, and the whole strata 
of the hill overlaid by greenstone £p8 northerly from 14^ to 45°. An iron ore 
occurs on its slope immediately north of the edge of the greenstone, by whidi 
its beds are easily identified. 

*' On the north side of the fault there are beds of grey, sandy, thin-bedded, 
iron-stained slate, sometimes striped. They rest upon the upper Lingula flags» 
and on the other side of the marsh are of considerable thickness in the lime 
that leads north-east from Penmorfa Church to the Caernarvon road, where 
they dip a little north of east. They are also well shown on the new road from. 
Penamser to Port Madoc, and are everywhere easily distinguishable by their 
very thin bedded character, and their containing more iron than the upper part 
of the. sandy lower Lingula flags N.N. W. of Penmorfa Chureh. Tney are 
soft in teicture, and the iron stains occur both in the lines of bedding and in 
those of imp^ect cleavage. This fault, according to Mr. Salter, is one of 
many small foults which complicate this district, and it does not much affect 
the beds west of Penmorfii. The loss is made up by consulting other sections. 
Along the line of the new tramway which runs from Tremadoc to Brynkir, 
the Lingula flag and overlving black slate are seen to be followed by precisely 
the same succession of beds as that ffiven for the Penrhyn promontory, p. 62, 
viz., iron-stained dark earthy slates, harder and greyer beds, with felspathic 
lines (often a ribbon slate), followed by softer bedb, before reaching the hard 
sandstones that range under Yr-alt. The series south of Moel-y-gest is even 
more clear, the hard bluish ^y beds being still more indurated by the pro- 
trusion of the greenstone, which is on a lower level than that of l^madoc. At 
Borthwood the best section of all is seen, and the black slate full of primordial 
trilobites is followed at once by the iron-stained thin beds, whicn, indeed, 
occupy the whole area from Borth harbour to the south flank of Moel-y-gest. 
Their lowest layera contain only the Dictyonema sociale, but a hundred feet 
higher they are rich in trilobites, Psilocephalus and Niabe (see Appendix), 
together with Theca and the small lAnauklta lepig. The numerous S.S.fc.foults 
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render it difficult to trace any set of beds continnoiial^. The entire section, 
however, along the cli£f to Pcnrt Madoc shows a fine senes of the pendl slates 
(Upper TVemadoc), and the huge quarries are opened in their upper portion. A 
thin lenticular bed of ash along the crest of the hiD fifom Morfa Lodge con- 
ducts ns to the fossil locality of Tu-hwnt-yr-bwlch, whence Messrs. Homfray 
and Ash have obtained nearly all the Upper TVemadoc fossils; as these are 
known in the corfespondin^ beds of Garth on the opposite shore, Chygiaj 
CknrunUj AMopkus, Conmlana, Orthoceras, &c. &c., there can be no difficulty 
in identifying the two sections. The same beds are less perfectly seen nopng 
along the IVemadoc escarpment under the greenstone and above the iron- 
worlu. lliese veiy thin-bedded flags occupy ul the hill about Tf ddyn-dicwm. 
lliey are somewhat ferruginous, obscurely deaved, and contain AsapkMS qfiuis. 
At the top are soft blackish layers; and these are succeeded livery thin 
bedded, light, grey, and black slate. The same beds occur on the roaa firom 
Penmorfii to Tremadoc, and above Tremadoc itself, and, both from position 
and fossfls, are evidently nearly on the same line as the soft beds of slate at 
Plaa-newydd and Minffordd on the opposite shore." 

Lower Llandeilo beds. — ^Above these is a bed of slaty {nsolitic iron, near the 
top of the bin that overlooks Tyddyn-dicwm, and tiiis is succeeded by fine- 
grained pale sandstone, studded with cubes of iron pyrites lying all along the 
fain under and in places also above the greenstone of Penmoifk, by which it is 
partially altered. It contains many AtmeUde tracks. A N.N.W. fault runs 
oetween Penmorfii and Tr-Allt-wen, repeating the greenstone and grit and 
ptsolitic iron ore. The grit is altered and somewhat speckled Ske the 
beds towards Ffestiniog. These rocks strike fifom Tr-Allt-wen to TVe- 
madoc, where some minor fiuilts occur. They are then lost in the allnvium of 
Traeth^mawr, and reappear on the north side of the greenstone of Garth, 
where they have been already described. 

*' Above Tremadoc the grits pass through concretionary blueish slates into 
** the dark gr^ or black slate of Cwm-mawr, on which n»t8 black slate, with 
" felspar cfystals, which passes into a flaky felspathic ash bed, that runs for 
" nearly 2 miles north-west from the marsh at Tan-^-alli." This is the 
equivalent of the bed of ash that forms the hill south of Hir-ynys.. on the 
opposite side of the river, and the strata are, therefore, the equivalents 
of the beds of liyn Trwst-y-Don and the soutii slope of Modwynbach. 
" On tiie Tremadoc side of the estuary the ash merges above into ashy 
*' slate, with concretionary grains, which is succeeded by the highly crystalline 
** greenstone of Bwlch-y-moch, which alters the rocks both above ana below. 
" Those above consist of hard felspathic, fine-grained, spotted flags, with 
" AnneHde trails,** well seen at Porth-treuddjrn, and are probably partly repre- 
sented by the ashy boss of Ynys-gwely in the marsh a Httie north of 
HiMmys. 

'rtough apparentiy these greenstones often for a long space adhere rigidly to 
the line of strike, they are certainly intrusive, for the rocks have been equally 
hardened by heat, both below and above, a circumstance that gives them a 
value as flagstones, for which purpose they have been extensively quarried 
between Bwlch-y-moch and Porth-^uddyn, and also near Yr-Allt-wen. The 
flags are mostiy of a light grey colour, and look as if partly composed of 
felspathic matter, a circumstance that may have aided in their alteration during 
the intrusion of the melted greenstone. Mr. Selwyn remarked, that in some 
places they looked as if crystallization had commenced. 

Above this are bine slates equivalent to those of Moelwyn, Cwm Orthin, the 
Ffestiniog slate quarries, and that part of the Llandeilo beds generally that 
immediately ovenies all the felspathic porphyries and ashes that range from 
thence to Arenig and the Arans. Still higher there are the sandy sl^es and 
fpitB of Mynydd-y-gorllwyn, which Mr. Selwyn and Mr. Salter found well 
charged witn the ordinary Dida fossils, both here and north-east of Ynys-wen. 
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CHAPTER XIL 
Becapitxtlation and SuioiABT. — Cambbiak^ Likgula, Tre- 

HADOC, AND Ll^NP£II«0 BOCKS^ &C. — SliATE. 

I HATE now described in detail the Btructnre^ diatributiony 
and saocesaon of the rocks of a large part of Merionethshire, 
b^inning with the Cambrian grits, and passing across the inter- 
mediate strata into a low part of the Bala Ded& Before proceeding 
further I shall sum np the results. 

First, then, Lingok beds, Tremadoc slates, Lkuiddio flags, and 
igneous roclcs enclose the Cambrian rocks on the south, east, 
and north in a crescent-shaped curve, the greatest diameter of 
which firom south to north is about 22 miles. Their average 
dip is outward firom the Cambrian centre. The principal com- 
ponent parts of the stratified (or ashj) and interbeddedporphyritic 
portion of the igneous rocks that lie above these is exceedingly 
simple. On first entering the country, however, one might be 
apt to suppose that it is formed of greenstones and fekpathic 
rocks, slates, and grits mingled in inextricable confusion, and that 
its igneous components at least treble in amount what thev 
are in reality ; but after all the faults have been disentangled, 
and every lava-current, as far as the scale will allow, has been 
carefully mupped, they resolve themselves (eliminating the in- 
trusive greenstones) on the south and south-east into one thick 
set of beds of felspathio ashes and conglomerates mingled with 
strata of slate, and overlaid by masses of felspathic porphyry.^ 
Where tilted at a high angle, as in the Aran range, these together 
are about a mile in breadth, but in other places they cover broad 
tracts of countiy, where, partly by undulations and partly by 
repeating faults, they spread over spaces of 4 or 5 miles in 
width. Except where broken by faults, the felspathic porphyry 
is continuous firom Cader Idris to Llyn Serw, 6 miles east of 
Ffestiniog, when it disappears for a time, but again comes on in 
tiie Manods and Careg-du, and from thence strikes westward to 
Llyn Trwst^y-llon. The ash also except where faulted is con- 
tinuous from near Llanegryn, 6 miles souui of Barmouth, to Mod- 
Uyfioi-nant, 6 miles west of Bala Liake, where it ceases for a 
space, pardv perhaps by thinning out, and partiy by the gradual 
passage of felspathic into what were muddy and sandy sediments, 
and this passage is often evident on the ground, though it is 
impossible to express it on the map. Thin iShr sti^saks sJso here 
and there are mixed with tiie slate beyond ]!kfoel-llyfia-nant ; and 
in the ndghbourhood of Ffestiniog, in the same parallel, beds 
more or less ashy, again come on between Llanfirothen and 
the Manods, which also in their turn, merge in the strike into 

* At first it was impoaible to wpante all the varieties of igneous rocks, and the 
maps of this area were pablished with all the igneous rocks of one colonr. Subse- 
quently however mj eEperienoe in the Snowdon district, proved the practicability and 
value of sqiamting all the varieties, and additional lines were accordingly run in 
v-nonethshlrB by Mr. Sdwyn, Mr. Aveline, and myself and added to the maps. 
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ordinary aediiiieiity charged, both there and further west, 
Llandeilo fo6sil& The great maas of felatone that overlies this 
aah b^ins near Penmaen (2 miles and a half south-west of 
Llanywchllyn) to be overLud by a second set of felspathic ashes 
and conglomerates, which, passing northwards, attain a thickness 
of about 800 feet in the Arenigs, and thin away again in the 
Ffestiniog slate qnarries. Llandeilo and Bahi beds eyeiywhere 
overlie these rocks, and, as I have explained, rocks holding 
Llandeilo fossils also underlie than at Tremadoc, Garth, under 
the Manodsj and at Tai-hirion, — a &ct first discovered by Mr. 
Salter, and further proved by the determination of the predse 
parallel of the bedded igneous rocks that rest on them, by 
Mr. Aveline and myselE If then, as I believe, the grit of Cbith,* 
the^eckled beds east of Moelwyn, the Manods, the Camedd lago 
grits, and the Tai-hirion slates, are in part the equivalents of the 
ash of Cader Idris, the Aransi, Moel Offirwm, and Moel-Ilyfii-nant, 
then the whole of the lower inierbedded igneous series is included in 
the Uandeilo beds. Lower on the north there seems to be a 
passage into Tremadoc slates, beneath which lie the Lingula flags. 

There is another point wdl wortliy of remark, which is, that 
if we follow these contemporaneous igneous rocks along their 
strike westward, both fixHn Cader Idris and Moelwyn, we find 
that they gradually die away and dissappear on the south towards 
Llanegryn, and on the norui a little beyond Tremadocf- The 
lower adies attain their maTimnm under Cader Idris and Aran 
Mowddwy, and rapidly thin away on the north and north-west 
at Mod-ddu and Y-Dduallt They are gone under Arenig and 
imperfectly developed under Moelwyn. The felspathic lava or 
porphyry is also thickest on Aran Mowddwy, and though 
laigely developed on Cader Idris, its true contemporaneous 
nature is there in places uncertain. The upper ash attains its 
greatest thickness about the Arenigs, and thm away entirely on 
the south near Penmaen, and on the north by Cwm Qrthin. 
Following its strike, it is found to be a lenticular mass of about 
23 miles in length by 800 feet thick where thickest, and for the 
fdmathic porphyry and lower ash there is good evidence that 
eacn was continuous across a diameter of at least 22 miles, and 
probably much more, for thou^ they do not not rise in the 
outcrop of the Bala and Tingnla beds north of Snowdon | 
(PL 28, No 3), yet they must continue undeiground for some 
distance in that direction. It is hopeless to guess how fax the 
individual beds extend beneath the encircling Bala slate on the 
east and south-east, although we know that rocks on the same 
general parallel crop out in the Berwyns and at St. David*& 

If on the data obtained by means of the sections that cross 



* On the east side of the estnaiy of Tneth-mawr. 

t It win afterwaids be shown that the igneooB rocks of Llwyd-^iuiwr (75 K. W.) 
are of bier date. 

X SeetMMi, Sheet 2S, line 2, and ICsp 78 S.E. 
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itus country we tabulate the thickness of the greater 
of rocks, they are nearly as follows : — 



1 


Cader 
Idris. 


Ill 


Moel- 
dda. 


T-Ddoallt 


Arenig. 


Moelwyn. 


Upper ashes and 


Feet. 


Feet 


Feet 
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volcanic conglo- 
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800 


.^ 


Felspathic traps ? 
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If same, 400. 


Lower ashes and 
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beds, Tremadoc 
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7,000? 


7,000 


slates, and Lin- 


No base. 


base. 








golabeds ' 


J 












Cambrian - 


6,000 to 

7,000. 

Base 

unknown. 






No base. 


No base. 


4,000 
Base 

unknown. 



It thus appears that, aided by the repetitions consequent on 
the Bala and Tai-hirion faults, we are in a condition to prove 
that in the short space of 5 miles the felspathic trap has thinned 
2,000 feet, and the ashes have nearly quite disappeared in their 
progress westward. This increases the probability that, before 
the denudation of the country had removed the Silurian rocks 
from above the Cambrian dome, the contemporaneous igneous 
rocks of the Arenig and Dduallt ranges did not stretch westward 
in continuation of their present outcrops, beyond the existing 
terminations of their north aud south horns at Tremadoc and 
Llanegryn. There is, therefore, no likelihood that the volcanic 
centre was in the Cambrian region, for its principal igneous 
rocks are mere greenstone dykes, and the larger erupted patches, 
near the centre of the Cambrian anticlinal, are small in size, com- 
pared with others that break through the Silurian strata. The vol- 
canic centre or centres of this series were, therefore, probably to the 
eastward of a line drawn between the points where the volcanic rocks 
thin away near Tremadoc on the north and Llanegryn on the south, 
and some of the felspathic masses that break through the Silurian 
strata may perhaps indicate the position of volcanic centres, or in 
other words, portions of the melted matter situated beneath or in 
the necks of volcanoes while in action, as, for instance, the erupted 
felspathic masses of Tyddyn-rhiw and Grelli-Uwyd-fawr south- 
west of Dolgelli, and of Y-Foel-ddu, near Aran Mowddwy, and 
possibly of part of the Arenig if any of it be intrusive. It is 
worthy of remark that in the neighbourhood of these rocks near 
Dolgelli and Aran Mowddwy the lower ashes and felstones attain 
their greatest development ; the thickest part of the upper ashes 
is near Arenig, and north west and east of the Ffestiniog syenite, 
which is very felspathic we have the thick interbedded porphy- 
ritic masses of the Manods. The Dolgelli masses, however, partly 
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break through the ashes, which, therefore, may in part at least 
have been ejected firom some other vent. 

Beades these (irrespective of the dykes) there are numeroos 
empted masses of greenstone, one of which, that of Bhobell-fiiwr, 
is huger and more central than any of those of more fekpathic 
material lately enumerated ; and i«; may be asked whether or not 
some of these might not have formed centres of eruption. If so, 
how does it happen that the great contemporaneous lava beds 
are so little homblendic ? It is certainly the case that some of 
these greenstones seem to contain more felspar than hornblende, 
but they may be said invariably to be far more homblendic 
than any part of the great lava currents, which only in a few 
instances for a little space might doubtfcdly be entitled to the 
appellation of greenstone, and it is, therefore, more than impro- 
bable that a deep-seated mass, which, when cooled, crystallized 
into greenstone, should have overflowed in lava beds of purely 
felspathic quality. Their ingredients are different, and in no 
single case in Merionethshire is there any line of greenstone that 
can be proved to have flowed across the surface. There may be 
difficult and doubtful cases, and there are many in which a cursory 
examination would recognize no difference between their mode of 
occurrence and that of the felspathic lavas, but a thorough 
acquaintance with every yard of the igneous rocks of Merioneth- 
shire will show that in no angle instance is it safe to include any 
line of greenstone in the list of lava currents, and in most of them 
they may safely be dismissed from that category. Nevertheless, 
it is not the less certain that they are intimately connected with 
the volcanic phenomena of the district, for it will be observed that 
all of them lie either among or beneath the felspathic porphyries 
and ashes, or in the case of most of the greater masses, among the 
Lingula flags themselves. They are, in &ct, never found in the 
Bala beds of Merionethshire that overlie on the south and east the 
interbedded igneous rocks, and where they occur in the Bala rocks, 
between Ffestiniog and Llanberis, it is under circumstances which, 
it will be shown, bear the same relation to a later set of volcanic phe- 
nomena that the greenstones of the Lingula flags do to the felstones 
and ashes of Merionethshire. One of those difficulties that occa- 
sionally arise with r^;ard to these greenstones is somewhat remark- 
able, and consists in this, that they sometimes seem to occupy the 
place of some of the ashes. Thus, for instance, at Craig-y-Benglog* 
the ashes, as it were, strike direcUy at the greenstone, which, being 
intrusive and branching, might be expected to squeeze out and 
turn aside the strata. This it does not do, and analogous cases 
occur on Cadcr Idris, where thick and decided greenstones running 
in the line of strike, do not appear to thicken the general mass of 
ashes in these particular localities. However strange it may 
appear, this circumstance almost induces the belief that these 
^eenstones have been formed by the melting of a part of the 
ashes amid which they lie. Taking the greenstones as a whole, all 



* About 6 miles N.E. of Dolgelli. 



74 THE GEOLOQY OF KOBTH WALES. 

I can definitely say about them at present is, that the common and 
obvious explanation of their mode of occurrence would seem to be 
that during the time of volcanic energy the matter that forms some 
of them was burrowing hither and thither in the bowels of the 
volcanic district ; while the fact that many of them seem to replace 
missing portions of the strata would seem to point to the circum- 
stance that they have been formed in place by the fusion of these 
strata themselves. Under either hypothesis, why the melted 
matter did not sometimes reach the surface and ovemow^ I cannot 
explain. 

Fossils of GarUf Tai-Mrion. — The following remarks show the 
relation of the Tremadoc slates, Llandeilo flags, and Bala beds to 
the Lingula flags already described. Between Cader Idris and 
the Ma<mno I am not aware that fossils have been found in the 
slates that rest immediately on any part of the igneous series. But 
near Gam, four miles north-west of Bala, I found in the year 
1847 certain fossils in coarse black slates faulted against the 
igneous rock by a downthrow on the south. The fossils are, how- 
ever, from beds which, omitting the interbedded ashes, would not 
be far above the horizon marked No. 1 in fig. 1 1, and consist of 
the following species, determined by Mr. Salter : Orttds Actoniw, 
O, biforata, O, insularisy Strophomena spiriferoides, LepUena quinr 
quecostata, Stejaopora Jibrosa^ Betleropkon bilobatus f, Ischaditesj 
Ampyx mammillatus, with species of Asaphus f, Cybele, Lingula^ 
Ctenodonta, Orthocerasj &c. (see Appendix). Most of these are 
Llandeilo species, and all of them range into the Bala beds except 
the Ampyx. 

Immediately underneath the bedded igneous rocks near Tai- 
hirion, Mr. Salter observed in coarse black slates with grains of 
sand, hard grey and striped sandy slates, and soft, black, earthy 
slates, the following species in the slates marked No. 1, fig. 16 : 
Ogygia Selwynii, Calymene parvijronsy Orthis calligramma, Diphn 
grapsus pristis, with imperfect specimens of Agnostus, Asaphus, 
Angelina f, and Theca. The grouping is that of Llandeilo beds. 

The following section explains the arrangement of the rocka 
near Tai-hirion. 

Fig. 17. 
Section from Arknig Bach to Carrg-hbnllb. 



^ 
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Carec HENLLC. J^ 




1. Fossili&roiiB Llandeilo slate. 

2. Felapathic porphyry. 

3. FeUpathic ash. 



The slates marked 1^ are the equivalents of the fossiliferous 
slates No. 1, which are near Tai-hirion, and in the strike of these 
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beds, about 2 mileB to the iiorth-west at Camedd lago^ there 
are three beds of grit and a ibin ashy band immediatdly un- 
derneath the felspar wmhyry of Cerig-y-babL These grits are 
highly fdspathic, and it is extremely probable that they actnally 
represent a portion of the lower felspathic ashes of Cader Idris 
ai^Jthe AranSy more especially as there is a thin band of the latter 
a fittle south of the iBala road that occupies the same general 
horizoiL On Camedd lago, in Lower Llandeilo beds not fiir below 
the Arenig porphyry, "Mr. Salter found Asaphus qffifdsf and 
OrtkU caUigramma ; and further down I found lAnguUUa Davisii 
in undoubted Lingula flags at Lljm-y-DywarcheiL* 

We have therefore, in this neighbourhood, evidence of the 
sucoesfflon of life on three horizons, first at the base lie the 
ordinary Lingula flags, above which are strata containing Agnostus 
ft°d OgygiOj associated with an Asaphus^ CfraptoKtes, and Orthis 
ealUgrammaf and above the traps fossils which range upwards 
into the heart of the Bala beds or Caradoc sandstone. The 
lower strata were depodted before the commencement of those 
volcamc outbursts that spread over the sea bottom of this area 
hundreds and in places uiousands of feet of volcanic ashes and 
streams of molten lava.f The fossils in the third horizon above 
the igneous series are genera and species common both [to the 
TJandftilo and Caradoc or Bala beds, and in all the strata above 
the liingula flags the brachiopoda of this district are common to 
the Lower Silurian rocks generally. The disturbances, therefore, 
that accompanied the igneous outbursts had nothing to do with 
any change of the life of the time. 

Slaie, — ^TVith a few remarks on the slate of this part of the Silu- 
rian beds I shall conclude. In the Ffestiniog slate quarries inter- 
rupted bands of grey greenstone pierce the slates in a remarkable 
manner, sometimes seeming to lie between the beds, sometimes 
between the planes of cleavage, and often coinciding with neither. 
In the great quarry west of the Ffestiniog and Trawsfynydd fisiult 
the deavage dips firom 45^ to 50^ north-west, the inclination of 
the beds being about 35^ in the same direction, and a greenstone 
dyke runs through them between the cleavage planes in the manner 
shown in the following diagram, bulging and thinning off in a 
rafnd suocesnon of oval-shi^ed masses of 3 or 4 feet in length. 
Associated with it are quartz veins occuning prindpally at the 
pcnnts between the separate bul^ngs of the greenstone. In 
another case in the same quarries a huge grey kidney-shaped mass 
has been exposed. It is somewhat amygdaloidal, and its vesides 
are filled with quartz or with carbonate of lime coated with quartz. 
It is certainly one of the ori^nal edges of a dyke that never saw 



* Four mfleB eut of Ffestmiog. 

t Hie mne aMemblage of fomalB is found in beds tliat lie low in tlie TJandeflo 
Hag! near the Stiper Sti»iea» and tlieae borixoDa are Iwth lower tiian any of tlie atrata 
that riae in the dome of the Bcrwyna, or in the Llandeilo flaga of Caennarthenahire. 
In FembrakeiUve Ihtj may be looted for. 
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the light till laid hare hj denudatioD, and the operations of the 
quanymen. 

It IB not io be suppoeed that the greenstones are in this r^on 
all precisely of one date, but for many reasons it may be considered 
certain that the majority of those that lie more or lest between the hedt 
were injected in Lower Silurian times, in which case they were of 
prior date to the greater disturbancea of the rocks, and consequently 
to the deTelopmect of the cleavage of the country. This, however, 
is not invariable, for it will be shown that in Caemarvonehire 
some of the common vertical dykes include fragments of cleaved 
slate. These I believe were injected at a much later date. In 
the case of the greenstones described (dia^^m 18), it appears 
that bung injected nearly in the lines of beading, and the forces 
that caused the cleavage having produced it nearly in the same 
plane, the igneous rock has interfered with the regularity of the 
cleavage, which near the greenstone assumes a wavy instead of a 
rectilinear character. 

It is to modifications on a large scale, induced by change of 
lithological character, cleavage, joints, dip, and positioa of the 
strata, that the availability of the same set of beds for slate 
making depends in different localities. Thus in one of the 
Ffestiniog quarries the rocks lie nearly as follows :— 



the eur- 
[lills also 
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rise behind the quarries in that direction, the top a, which con- 
asts of weathered and yalueleas slate, is so thick that it will no 
longer afford the expense of removal, and consequently the 
quarriers have for long followed the profitable bed b on its dip bj 
an excavation, which, as the work proceeded, increased in length 
and depth. The roof is supported hj jnllars c of slate left for the 
purpose, and the daj will come when, following the dip, the work- 
men will reach a depth too great for the profitable continuance of 
the work. The jnllars form a fertile source of anxiety, for they 
have sometimes given way and slipped in the direction of the 
dip, large masses of ruin falling in on the workings. The fore- 
going instance makes it evident that much depends on the aze 
and form of the ''top," and if the beds dip and the surface of 
the country slope in the same direction, they lie advantageously 
for working, for the quantity of ^top" a may not be so much 
increased but that it may be entirely removed. . Many other 
cases may be cited, but these form two of the more typical 
instances of the manner in which the same beds are affected 
by the form of the ground in the locality of the Ffestiniog 
slate quarries, without reference to other conditions, such as the 
presence of multiplicity of joints, imperfections in the cleavage, or 
other changes in the structure of the rock. There can be no 
doubt, for instance, that the strata by Llyn-bywydd are identical 
with tiiose of the laige quarries between that pool and the 
Manod-bach fault; but the beds of slate east, west, and south of 
the lake are thinner than at the quarries, and the interstratified 
ashes and conglomerates have greatiy increased in thickness. 
North of the lake the beds should be the equivalents of the upper 
strata of the slate quarries, but they are concealed by drift and 
unexplored. The slate of the quarries on, and of those a littie 
east of Manod-mawr, are certainly the equivalents of the lower 
part of the quarries a littie east of the Manod-bach &ult, for they 
are interstratified with the same ashy beds grown thicker. The 
Shiw-bach slate, which dips north at an angle of about 18% is 
probably a littie higher in the series, but this is uncertain, the 
adjoining ground being obscured by drifb. 

Slates have been quarried to a small extent further south in 
beds, which are the general equivalents of those mentioned above. 
They lie at and near Llyn-y-drum, where, as already explained, 
they are interstratified with trap sand ashes, the whole dipping 
north and north-east at comparatively low angles, so th&t in 
working them it would sometimes be necessary to remove a ''top" 
of hard rock so heavy and thick, that like the strata under Moel- 
y-rhudd it would not repay the labour. These details are, how- 
ever, almost foreign to the general description which is the main 
object of this Memoir, since each individual case would require a 
special survey to illustrate all its capabilities. 

Since I visited the country quarries have been opened on 
Mcelwyn in beds which are the general equivalents of the old 
quarries of Cwm Orthin, and I am informed that openings of 
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good promise have idso been made in Cwm Croesor in strata 
which I believe must be somewhat higher in the series. 

In the slate that overlies the Gramallt porphyry, the lower 
strata are the equivalents of the higher beds of Moelwyn» Cwm 
Orthini and of ^e north end of the slate quarries by the Manod- 
bach faulty but whether it be that the material has changed, or 
that difference of strike has altered those peculiarities of cleavage 
and jointing that favourably affect the Ffestiniog slate, certain it 
is that no quarries of any importance have been opened between 
the Gramallt trap and the fault on the east that runs from Caregog 
to Ffynnon Eiddew. The same holds true of all the equivalent 
strata that rest on the ash from the Machno fault, near Pen-y- 
fedw,* to Mjmydd Nodol and Arenig. Indeed, all along the 
Areniff and Y-6raig range the superincumbent Llandeilo beds 
are son black shale rather than slate ; and though here and there 
openings have been made in the corresponding rocks immediately 
east of the Arans, and from thence along the^strike to Mynydd 
Ceiswyn,t no important slate quarries have been worked in 
that area. 



CHAPTER XIII. 
The Cabadoc or Bala Beds South of Cadsr Idris, and 

BETWEEN DiNAS MOWDDWT AND BaLA LaKE. 

General Description. — ^With the formation of the highest por- 
phvries and ashes of Merionethshire there closed a period of 
volcanic activity in the area described in previous chapters. This 
was apparently succeeded by a long time of repose^ ouring which 
a thick series of slaty beds were deposited above the porphyries 
of the Arans and of the two Moefwyns. But long before the 
close of the deposition of the Bala beds, the volcanic energy was 
renewed in part of the same area. I shall now describe this 
part of the series lying in the country between Dinas Mowddwy, 
Caernarvon Bay, and Conway, beginning m^ description with 
the ground near Dinas Mowddwy, and following the Bala beds, 
by Bala, Llanewm, and Yspytty Evan, to Penmachno. From 
thence, I shall resume the account of the mountains north of 
Moelwyn, and afterwards explain the structure of the large tract 
of Silurian and Cambrian country that lies between Penmachno, 
Tremadoc, and the Menai Straits. 

Sola Beds, Coder Idris, Aberdovey, ^-c— Between Cader Idris 
and the river Dyfi the country has been described by Mr. Selwyn, 



* Onemfleandftludf S.S.W. ofPenmaehno. 
t ThxM mite and a half aoith-cifl of DolgelU. 
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as oooBisting of ** dark blue and grey arenaoeoos and ar^aceoua 
^' slates, with thin beds of very fine grained grej and brown 
^ banded sandstones." Both are oocasionallj flaggy, espedallj 
between the Dyfi and the high range of hills that strikes north- 
east from Pen-y-gnden to Gamedd-wen* This range is chiefly 
oocapied by blue sandy slate interstratified with thin grits, and 
occamonal thicker beds of qnartzose sandstone and conglomerate, 
partly composed of felspathic grains. These generally dip south- 
east at high angles, and bands of good roofing slates, and fiags 
occur on their south-east flanks, largely quarried at Corys* The 
whole country being much contorted, it is not unlikely that the 
aandy beds that form the hills around Pant-y-cameddau, on the 
road from Machynlleth to Towyn, may be the general represen- 
tatiTes of the above-mentioned sandstones. In spite of cleavage a 
contortion still more intense is evident in the rocKs exposed along 
the shore between Machynlleth and Towyn, where they principally 
oonmst of grey and light-blue arenaceous and slaty beds, mmihur 
in structure to most of the rocks that lie between the Dyfi and 
Plymlumon. Their strike is south-westerly, and the cleavage 
more or less ccnncides with it, generally dipping south-easterly 
from 80° to 85% though it is occasionally verticaL The great 
Bala fault runs throogh this district from Llyn-trigraienjm, by 
Tal-y-llyn, down the long straight valley to Morfa-Towyn. Its 
amount is unknown, but, judging by the strike of the rocks, it 
probably decreases near Td-y-Uyn, and sgaxa increases towards 
Towyn, for the S.S.W. strike beyond Afon Dysynni, apparentiv, 
under tiie alluvium, brings the Liingula flags against the Bala beds/ 
which near Towyn strike W.S.W. 

Between Aberdovey and Towyn fossils are said to have 
been found, but they are certainly scarce, for, in spite of diligent 
search, none have been discovered anywhere else between Aber- 
dovey and the Bala limestone beyond Dinas Mowddwy, although, 
jud^ng by strike, position, and an occasional sl^hdy calcareous 
appearance, it is not unlikely that some of the rocxs of the sandy 
beds of Peu-y-graien and (xamedd-wen may be on the g^ieral 
parallel of the Bala limestone. 

fFales South of the Ihffi. — Bala beds, with the Lower Llan- 
dovery rocks, form the greater part of the Silurian rocks of 
Wales south of the river Dyfi, occupying the west of Montgo- 
meiyshire and Badnorshire, the whole of Cardiganshire, and by 
fiir the greater part of the counties of Caermarthen and Pembroke. 
A fieuilt probably runs up the course of the Dyfi, the strike of the 
strata on its opposite banks being generally discordant The 
Bala and Lower Llandovery rocks are spread over this great area 
of more than 2,000 square miles by innumerable undulations of 
the same strata, but north of Cemaes the very rocks that, south 
of Cader Idris, form a half of South Wales are all comprised in 
the strip of hilly ground that lies between the Denbighshire flag- 
atones and the Arana They are there less contorted, and dip 
more steadily eastward^ and nearly 14,000 feet of strata are 
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squeezed into a breadth of about 6 miles* (Rg. 8 oad PI. 28, 

No. 3). 

Dinas JtfoWrftpy.— Near Dinaa Mowddw7 fossils were found 
on Moel Benddu, Moel Dinas, Blaen-y-pennant, and further 
north at Pum-rhyd, in black earthy elates. They con^t of 
ordinary Caradoc species Trinucleus concentricux, Ataphus Pmmtii, 
Berychia complicata, together with Orthit vespertilio, O. Actonia, 
Strophomena expansa, Leptaaa tertcea, and several other trilobites, 
corals, and shelle, much distorted by cleaTage.t 

Bala Limestone.— "\mm^\B.t^y to the north of Dinaa Mow- 
ddwy a Bet of beds begins to appear near the middle of the dork 
ear^y slatea, rather different in general lithologicol character from 
the beds to the south-west. These beds have been long known as 
the Bala beds, and are now proved to be the equivalents of the 
Caradoc sandstone of Shropshire. 

" !□ the middle of the Byfi, half a mile north-east of Dinas 
Mowddwy, may be seen a small band of dark limestone, about 
3 feet in thickness. This is the first appearance of the Bala 
limestone." 

This limestone runs in the middle of the series, first in a long 
straight line with a north-east strike, and atlerwarda near Bou 
broken and repeated by faults. 

"Tba Bftla beds spread over a broader area and beoome highly fosiiliferoiu 
as thef f^o northwards, and in the nagbbourhood of Bala Lue Assume the 
following characters. 

" The principal mass of them is a very fine-grained arenaceous slate ixwlc, 
,of a Ught KTcy colour. This commonly contains verj minute flakes of mica, 
which, aa well as the grains of other minerals, are »o small as rarelj to be 
distinguished b; the naked eye. Some of the heda axf. vtrj hard and compact, 
with a conchoidal tiitcture, others are affected hj a slaty cleavage, but this is 
commonlj irrcKular, and not well pronounced, and they never afford anything 
like good roofing slate. 

" About the middle of this set of beds occurs the band of limestone. This 
baa a well-marked and peculiar lithologica] character, which it preserves almost 
throughout its entire coarse. Some parts of this limestone differ but little 
from the sand; slate rock in which it lies, except in being calcareous, but its 
more well-marked portions contain bands from 1 to 6 inches thick, of a 
nodular or concretionary character, the centre of the nodules being crystalline 
grey argillaceous limestone. These nodules so blend one into the other as on 
the weathered surfaces to form rough projecting bitnds or mouldings standing 
out from the face of the rock. The space between each band is commonly 
about the same width as that of the bands th^mselveB. The lowest part of 
the limestone frequently contains large nodules or concretionaTT masses of a 
black crystalline limestone, which sometimes forms a regular bed, about 3 feet 
in thickness, with veins of white spar. The thickness of the whole ctUcareous 
mass commonly does not exceed 20 feet, and rarely even attains to that 
magnitude. Besides the fossils of thia limestone, which will he named bere- 
■ftai- ;* ■• iri-nr frequently characterized by the occurrence of Email black 
siie of a walnut, that oftra remind one of coprolites. Some 

btred to is ahown in Map pi. ST, or in the one-inch mapa, aheels 
56, 57, ao, 60, and 74 ; Horitontal section, Sheets No. 36, lines 
t9. Line 3 sboifB the structure of the contorted country south of 
)f the S miles sllnded to east of the Arsju. 

I in inverted eommss ss far as page 9A, has been contributed by 
I in one or two cases expressly mentioned. Mr. Jokes surveyed 
he Bala beds, between Pmss Mowddwy and Pcnmachno. 
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of time were analfsed by Dr. Fiajfiur and found to oontain a large pfoportkm 
of phosphate of linie. 

''About 1,200 or 1,400 feet below the limeetone are aome beds of a peculiar 
Uthologkal character called ''aah" in this Memoir.* These ash beds are of 
three varieties,— the flakr, the breodated, and the ciystaUine. The first is the 
most diaracteristic, in woich the granolar materials of which the rock is more 
or less oompoeed are coated, and separated by flakes of a smooth fine texture, 
cAen resembling chlorite, which on a fresh smiace of the rock give a soapy 
feel when mbbMl in one direction. These flakes lie pretty neaily in one plane, 
bat that is verf often not parallel to the plane of straofication, but periiaps 
most common^ oblique, or even at right angles to it. The crysUlline varieties 
differ from the fiakj chiefly in the granular portions, which consist in a great 
measure of distinct shining crystals of felspar or other minerals, with their 
angles scarcely at aO worn, and theb &oets ^uite bright. They are with diffi- 
culty sqiarable from the matrix. The breccuted ash beds are, as their name 
denotes, made up of worn but still angular fragments of rock, varying 
from mere mins to pieces half an indi in diameter, compactly imbedded m a 
fine-grained matrix of much the same mineral character as the fragments 
themselves. Many of these fragments are pieces of Mspathic trap, the ciystals 
of felspar being easily recognized in them. All these varieties pass into each 
otiier or aftemate in the same beds, being separated here rather for convenience 
€f description than for any real distinctiou between them. One remarkable 
circumstanoe is, that these ash beds are almost without excq>tion 8u£Bdentlv 
calcareous to efBervesce on any new sm&oe with veiy dilute muriatic acid^ 
a quality vdiich is never perceptible in the grits at 'slate rocks immediately 
above or below them. 

" llie external appearance of the ash beds, as seen where they crop out on 
a hill side, at once (ustingmshes them frcon the ordinary sandy slate rock of 
the rest of the Bala beds. A bed of aah only 2 or 3 foet thick can be traced 
by its more massive appearance, and by the rounded {arm and greater distinct- 
ness of its blocks. 'When its thickness reaches to 10 or 15 feet it often forms 
a feature that can be discerned at the dirtance of half a mile, and its aspect veiy 
frequently resembles that of protuborant trap dyke. The lamination of a thick 
bed of asn is rarely perceptible, tiie stratification bcang determinable only by its 
upper and lower sui^iceB. Sometimes, however, it contains bands of a different 
texture from the rest of the mass, wludi then coincide with the general planes 
of bedding, and show its strictly stratified character. From the singularly 
broken and disturbed state of the country occupied by these beds it is rather 
difficult to sa|f with perfect accuracy how many ash beds the Bala rocks contain 
in the innnemate vicmity of Bala. In part m the district, at all events, there 
nppesrto be certainly two havingthe same mineral character. In one or two 
piaoes also an ash bed of a ri^er different character from the othen, and 
genenlly more aystaUine, appears immediately below the limestone. 

** In order to understand ue lie of the Bala beds it will be best to describe 
in detail the range of the Bala limestone from its commencement in the bed of 
the Dvfi, near &e flannel flMstory of Aber Cowarch, a little north of Dinas 
Mowddwy. From ituB spot it runs by Pen-y-bryn, Biyn Sion, Bwlch^-Sygyn, 
and at the head of the vallies of Cwm Escyll, and Cwm Dinewid.t It is also 
seen occasionally peering firom under the bogs at the tops of the intermed i at e 
hiOs, and is admirably shown in the valley of Blaen-j-pennant, which it crosses 
one-third of a nuHe west of the turnpike road, and it may be traced thence at 
intervals across the moors to the west side of Crug-yr-ogof . 

** It does not strictly preserve the whole of its cha»cten throughout this 
stretdi of 10 miles, as it in some placea loses the black crystalline masses near 
its base, and in others (Blaen-y-pennant, for instsnce) the slate, both above and 
below it, for 10 or 20 feet, hecameB slightly calcareous, and in places almost 
aa mudi so as the limestone itsdf. It is probable, also, that occasionally the 



* <« The ash beds were well known to the people of the eoimtiy, by whom they are 
** called 'eerrig llwydion,' * the grey or brown stone.' A house on the west side of 
^ Bala Lake is thns named fktmi standing on a bed of it." 

t Cwm Dinewid is called Afbn Fenrhyd in the Ordnance miqi. 

534S. F 



82 TttR GEOLOGY OF NORTH WALES. 

caleareoua matter almost entirely disappears, as the limestone is not to be seen at 
one or two spots, where from the strike of the rocks on each side it ought to 
appear. On the ^ust side of Gnug-yr-ogof, one of the places thus poorly provided 
with lime is aotually seen, the beds having the external appearance of the lime- 
stone, and all its oanded character, but only eflervescmg veiy feebly with 
acids.* 

" A little distance to the west of this snot, coming out just from beneath the 
limestone, is a well characterized ash bed, the first appearance of that kind of 
rock as we come up from the southward. All the usual fossils of the formation 
are found in the neighbourhood of the line of limestone throughout this tract, 
and also for some slight distance in the rocks below it, but do not appear to 
esctend ten into the rocks above. 

'^ So fiar the strike of the limestone is remarkably regular, running in a nearly 
straight line N. 30^ or 35^ E., parallel to the outhne of the traps of Aran on 
the west, and that of the Tarannon shale and Denbighshire sandstone on the 
east Its dip is £. 30° or 36° 8., almost always at an angle of 40° or 50^. 

" Throughout this extension the beds near the limestone pass both upwards 
and downwards into fine-grained rotten black slates, which on the one side lie 
below the Tarannon shale and Lower Llandoveiy beds, and on the other rest 
upon the porphyritic rocks of the Arans. Both the upper and lower slates are 
occasionally afiPected by some large flexures which, in this part of their course, 
have not extended into the strike of the limestone. 

"Just north of Craig-yr-ogof is a space of about a mile and a half, in 
which hardly a fragment of rock can be seen near the strike of the limestone, 
so entirely is the surface covered by thick black bogs and heather. North of 
this it again suddenly makes its appearance in two places, one about half a 
mile east by south from the top of Moel-migynau, the other down in Cwm- 
llysogtt llie first-named piece cannot be traced many yards; the latter 
however runs down the brook with many small undulations to a fence and 
sheepfbld, and then strikes up the hiU towards the north of the word 
** Murddyn " in the map, where it is is lost under the peat. It reappears 
south of Maes-meillion, and can be traced thence continuouslv up to some 
lar^e limestone quarries and old kilns on the hill side south of Bryn Bedwog. 
It IS here curiously contorted and twisted about in various directions, forming 
one or two small arches and domes, but none of the pieces run frr, and no 
limestone can be found in the brook beneath; it is evidentlv cut off by a 
fault. About half a mile to the north-east, however, just outedae the fences on 
the north of the hiU called Moel-fryn the limestone is again found dipping 
first south-west, then south-east, and then north-east, and a good deal broken 
and contorted. It disappears again under a bog, but may be detected in the 
brooks between Bryn-mdin and Yspyddadog, whence it can be traced to the 
quarries of Y-Gelli-grin. It is here again bent and broken, dipping in one 
place north by east at 15°, then south at 45°, but having a generaJ inclination 
about E.S.E. Both at the quarries on the north end of Moel-fijn and at 
Y-6elli-grin there is a ciystalline, calcareous, and fossiliferous ash bed below the 
limestone, separated from it by about 30 or 40 feet of other beds, and down 
the road towards the house of i-6elli-grin there is a well-marked fault running 
a little west of north, and dropping the beds to the east about 30 or 40 fset 
perpendicularly, so as to bring tne limestone to the east of tiie fietult exactly into 
the line of the ash bed to the west of it. As a bank and fence separate the 
two pieces, this circumstance would be likely to mislead a hasty observer, both 
as to the number of the beds and their character. These beds cannot be traced 
below the house, but on the opposite side of the brook they may be seen run- 
ning north up the hill of Bryn-cut. On the north side of this hill, however, 
the^ are abruptly cut off by a fault, and also contorted, as the ash bed is 
suddenly deflected and made to strike at right angles to it former course, and 
abut against the limestone, which just beyond suddenly ends. Both beds are 
again seen about one-third of a mile to the northward between Y-Gamedd 
and the brook, but very much broken, striking in much confrision in different 
directions, and in the last piece of limestone neither strike, dip, nor regular 

* See Section, Sheets No. 29, line 3, and No. 87, line 4. 
t About 3 miles S.£. of the southern end of Bala Lake. 
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bedding CAn be diMcrned. On the opposite side of the road the aune oon- 
ftuioii is obaerrsble in the common Bahi beds which lie at all angles and 
positions, and the beds below the limestone an apparently brought into con- 
tact with those above it. 

*\ Returning now to the southward to the neighbourhood of Mod Migynau 
besides the dietaehed piece of limestone to the east of that hill, there is 
another to the north of it, near a place called Uechwedd-ddu. Thm is here 
a small quany in which the beds of limestone are bent into the shsrpest 
possible angles, but no regular strike or dip is shown. Similar <manriea 
occur at the same level on the opposite side of the glen near Murddjm Marad, 
but to the north-westward of these there is a regular line of limestone shown 
on the hill side about half a mile in length, and lying quite undisturbed 
and nearly horizontal. This ends veiy abruptly to the north, being apparenUv 
cut off by m fault running nearly east and west, on the opposite side of whicn 
the ^ is south at dO°, or nearly at right angles to ito former direction. 

** Thib limestone is next seen much contorted in the bed of the brook north 
of Gaer Hafotty. To the north or this a verv rmdar oval outlier, forming 
a small basin-snaped piece, supporting a patdi of slate in its centre, lies on 
the hill side, and nortn of that again are two other detached pieces, one about 
100 and the other about 60 yards long, both very re^^ular and dipping at a 
slight angle to the south. Both those pieces are evidently cut off by faolte 
tunning near^ north and south. 

" The occiuTenoe of this line of detached pieces firom half a mile to a mik 
west of the limestone before described is due to the effect oi an antiolinid 
curve, the axis of whidi runs nearly north and south between the two, tilte the 
beds over at a sharp angle to the west, and repeate the limestone in that 
direcliou. This westerly dip, however, is not continued &r, the beds very 
shortly flattening, and uien rising to the west so as to form a synclinal line 
parallel to the anticlinal. Before, however, this synclinal curve is fully 
csrried out some considenble fsulto occur, running about north and south, 
and throwing up the beds on their west side. The extension of the limestone 
is therefore cut off abruptly in that direction. Moreover, as no large fiudte 
can exist without cross fractures ot curvatures, the portions of limestone are no 
doubt separated by these as well as by the convolutions of the beds on whidi 
they rest." 

Beds below the Bala Limestone. — " I shall now trace the rocks below the beds 
associated with the limestone. I have said that the Bala beds pass downwards 
into black slates. As thejr range northwards these beds become affected more 
and more by flexures and fimlts, and spread over a greater extent of country 
'tiian ihey occupy between Bwleh-v-groes and Dinas Mowddwy. Owing partly 
to the quantity of drift matter tyme on the hill sides south of Bab Lake, 
partly to the grass and turf with whicm the rocks are concealed, and partly to 
there being no peculiar beds capable of being traced in that district, it b im- 
possible to give any other than this general account of it. There is, indeed, an 
ash bed just under the limestone of Craig-yr-ogof, and another in the biook 
bdiind Ai-yn-y-nant, but neither can be traora for more than a few yards. 
On the east flank of the hOl, however, called Cefo-gwyn, south of Llangower, 
and in the vall^ between it and the limestone, the ash begins to make ite 
appearance in greater force, and from this point to the northward, ash beds 
make a permanent and important feature in the Bala group. Thcae is, I 
believe;, on the east side of Bala Lake only one ash bed ; tnis, at ite very 
eommeneement north-west of Y-Fedw, is broken through apparently by the 
aame frmlt that cute off the limestone before mentioned as runmng north-west 
of Mwraddyn Marod. Ol^er dislocations are also apparent in it, but beyond 
these, from the bed dT the brook a little to the northward, it runs in nearly a 
straight line to the east of Glyn-mawr and Glyn-bach up to the east end of the 
wood at the back of Pant-yr-onnen. This line is nearly parallel to that of the 
ddached pieces of limestone before described, but the two ffradually approach 
each other towards the north, till on the brow of the hill looking down on Bala 
lake the ends of the ash and the limestone are scarce 50 yards ^^i. A fsult 
nmning about north by west occurs between the two, and, by following that 
line, the extension of the ash bed is discovered on the east side of it, by ^e road 
between the words ^'Bryn" and '*Hjnod" on the map. Justin the same 
way, however, as the limestone above tt, so is this piece A ash shortty cot off 

f2 
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by another north and Bouth fault, also a downthrow on the eaat, and its ex* 
tension is found a quarter of a mile to the north in the wood of Tyn-y-^twU. 
Here the ash bed has come within the range of the anticlinal line before spoken 
of, and is affected hj it to some extent, its outcrop running south-east ana then 
north-east, but broken in one or two places by small cross fractures. As the 
ground hereabouts slopes sharply to the north, the bend in the outcrop of the 
beds makes but little feature in the map, still there is an indentation in the crop 
of the ash bed answering to the deep east and south flexure in that of the lime- 
stone. From this spot the ash bed runs to the N.N.E., frequently broken by 
faults, throwing it from 60 yards to a Quarter of a mile on one side or other 
of its course, but being generally parallel to the broken line of the limestone 
to the eastward. One of these faults at least can be traced through both beds, 
as, if we join the ends of the ash beds west and north of Comelau by a straight 
line and produce it to the south, it passes close under the broken limestone 
south of Bryn-Bedwog, which we saw before must be cut off by a fault, as 
none of it is found in the brook below. It would be tedious to enter fturther 
into details, neither is the scale of the Ordnance map sufficiently large to show 
them, or even to make all of them out in the fidd except in a general way. 
The reader, indeed, must be advised that the faults marked in the map are 
rather a sdection to show their general nature than a true representation of 
those which could be shown to exist did the scale of the map allow of it."* 

Before proceeding further I shall describe in a little more detail the beds 
below and above the Bala limestone. 

From Cefh-coch, near Mallwyd, to the Bala fault, on the river Dee, from 
2 to 3 miles east of Bala, these rocks pursue for 16 miles a course as straight 
and regular as the limestone itself does between Dinas Mowddwj and Graig. 
yr-ogof. Their average strike is about N. 20° £., and their dip E. 20^ S., 
from 40° to 60°. The angle rarely reaches 70°, and is occasionally lower than 
40°, especiaUj in the ground about Craig-ddu and Moel-frvn, west of Bir«* 
nant, where it flattens, and undulates eastward at angles of from 5° to 20°. 
The rock here principally consists of a fine-grained blue slate, sometimes 
arenaceous, and sparingly interstratified with beds of thin grit. East'of Aran 
Mowddwy these are overlaid by about 500 feet of grey fdspathic grits and thin 
beds of interstratified slate, that form the Lower Llandovery beds. These in 
turn are overlaid by the Tarannon shale and Denbighshire sandstones.f 

Himant Limestone^ &c. — Not one ashy bed occurB in this area 
above the Bala limestone^ but a thin band of the Himant limestone 
of Sedgwick is found on the brow of the rocks called Trum-y- 
gwrageda, where a footpath crosses that ridge, and the same rock 
occurs at another spot in the Himant vallej^ in a small quany 
about a third of a mile west of Cwm-y-aethnen. It is fossili- 
ferous, blacky and pisolitlc, the concretions being about the size 
of small grains of barley, When fractured they are both con*- 
centric and radiated, and in the centre there are frequently small 
rhomboidal crystals of carbonate of Ume. The concretions are 



* « The small scale of the map had two inconyeiiienees : — ^It seldom, by the 
features marked on it, enabled me to fix myself with sufficient accuracy when bear* 
ings or angular measurements were difficult to obtain, and it often rendered those 
measurements useless when obtained by not enabling me to protract them. Moreover, 
the portion of the surfiice occupied by the limestone and ash beds, as also the iridth 
of the fitolts, the size of the arrows far dip, &c., mnst necessarily be enormoosly dis- 
torted in order to render them discernible. The space actually occnpied by the 
outcrop of the limestone was rarely more than 4 or 5 yards, while that tijcen by its 
representation in the map is nerer under SO, and very oftoi equals 100. Were It 
dfuwn on a strictlr natural scale it would be bsrely yisible.*' 

t Thoogh foreign to the' present description, it may be well here to state that 
these rocks are well shown on the turnpike road, and in the riyer bed east of 
Mallwyd, where they undulate with many contortions across 8 miles of country, and 
Anally d^ under the Wenlock shale near CkulhMbio. 
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oemented in a crystalline base. *^ The same limestone appears on 
^ two other spots on the west side of the hill behind Aber 
Himant, near the road going np to Maes-hir, but it is less 
developed^ and consist principallj of calcareous nodules, which 
in one place were quarried for lime. None of these patdies are 
connected with each other, nor could I find or hear of any 
other spots where they occur, except at the Pass of Bwlch-y- 
groes above Llan-y-Mowddwy, where Professor Sedgwick 
found loose firagments of limestone m the same line of strike." 
The rock therefore scarcely deserves the name of a special lime- 
stone, although no doubt the pieces are nearly, if not exactly, on 
the same parallel with that of Himant. 

FossUm, — The beds beneath the Bala limestone are rich in 
fossils, and east of Aran BenUyn, at Tyn-y-fron and Tai-yn-y- 
nant, yielded the following species ; — 

NebmSpora famdota^ N, lems, Cftkere wmiomata, Hamalomoimg bitMleatug, 
Beyrickia eompHcaia, Orthis altemata, O.JIabeilum, O, eleffomtmla, and LqtUma 
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In the neighbourhood of Bala lake the rocks are on the whole 
more sandy than skty, and great surfaces of skb-Kke beds are in 
some of the quarries entirely covered with casts of Orthis elegan- 
tvla^ LepUena sericea, and the rings of EnermUe stems all belong* 
ing to a single species, Glyptocrintu f basalis. There are also in 
many of the beds large tubes of annelides lying, some in hori- 
zontal and others in vertical positions (see PL 14). Star fish 
{PaliEaster) are occasionally found, and of trilobites Trtnucletts 
eoneentricus and Homalonoius hisulcatus are the most prevalent. 
Corals are scarce, the varieties of Stenopara being almost the only 
species found. CysUdetBj though abundant in the limestone, have 
never been found in the beds above or below. 

In the Bala limestone itself fossils become exceedingly numerous, 
and it is in many places chiefly composed of comminuted firag- 
ments of shells, corals, and tnlobites, intermingled with more 
perfect specimens. A good example of this kind of structure 
occurs at Murddyn*marad, where there is also much false bedding 
in the associated shales, and ripple or current markings in the 
rocks below. The whole has a shallow-water aspect. The 
following species are among the most characteristic fossils of the 
limestone east of Bala lake : — 

Conls: — Nebnl^HjrafamJosOyStenoporaJibrosa. Encrinites. Trilobites: — 
Cafymeme brevicapiiata and C. BhmeiAachiiF Asaphns Powim, lAchas kuahu^ 
TrumcleMM ctmeeKirieus, Pkacops t^nculatus, lUcBmus BowwupuU, Ckeinmu 
bimmeromaius, Homalonotus clavifirons, H. bituleains, and Beyriekia eompUeata. 
BitbItc and Uniralre Shells : — Orthis vemeriilio, O. eaUigramma^ O. diyamtula 
and O. Ustrndmaria^ O. ActomuB^ O. jUwelhdwn and O. biforata, Stropkomena 
gramdis, 8. temmistriata, S. eaqninsa, S, depressa^ Lepttena sericea, and lAnguUi 
avaia^ CUmodtmta varieosa, Modiolopsis and Orthomota, and Cyekmema 
crebristria, Murehisoma simplex, ana BeUerophonen bUobatus; also Oriko- 
ceratites. 

Immediately above the Bala limestone, fossils are numerous, 
being usually of the same spedes as those in the limestone itself. 



86 THE GEOLOOT OF NOBTH WALES. 

Fasrili of Himant-^The fossils found in the Himaat limestone 
consist of the following species : — 

Orthis Himantensis, 0. $agittifera, 0. turpida, 0, hiforata (and varieties), 0. 
eleganiula, 0. tesiudinaria. Area Bdmimdi^armis, Modiohpsii modiolarii. With 
the ezoeptionB of two first Bamed, all of these are Bala species. 

In the beds of the Bala series, immediately above and below 
the Himant limestone, fossils are exceedingly scarce, and the 
specimens are usually very imperfect. 

Thickness of the Bala Beds. 

It will be recollected that the igneous rocks, between Aran 
Mowddwy and Llanywchllyn, the felstone porphyry thins from 
2,300 feet to 1,100 feet, and the ash from 3,200 to about 1,050 
feet. The same kind of diminution may be remarked in the Bala 
beds. 

According to the measurement of Mr. Selwyn, the thickness of 
the rocks between the Aran trap and the limestone is 5,500 feet, 
and that between the limestone and the Tarannon shale is about 
5,000 feet. This is immediately east of Aran Mowddwy (plate 28, 
fig. 3). According to Mr. Jukes's measurement between Moel- 
ddu, Moel Migynau, and Himant there is a thickness of only 
4,000 feet between the trap and the limestone, and 3,000 between 
the limestone and the Tarannon shale (fig. 8). Assuming these 
measurements to be approximately correct, it is eyident that a 
great change in the thickness of these strata takes place in the 
course of 4 miles. Whatever may have given rise to it, the fact 
is significant. The whole thins out towards the north, and it is 
remarkable that the coarseness of the beds, and the increase of 
fossils in the Bala beds, bear a relation to this diminution in 
thickness, indicating perhaps a nearer approach to the shore of the 
period. 



CHAPTER XIV. 

The Bala Beds, from Bala to Pekmaghno. 

General Description. Bala Limestone, — I have now described 
the range of the rocks from the southward up to Bala Lake and the 
valley of the Dee. The great Bala fault, the south* western pro- 
longation of which has been previously described, runs through the 
lake, and, accordingly, a great part of the beds of the south 
and east sides of the lake are repeated on the west and north 
of it. 

Between Bala and Cerrig-y*Druidion we enter upon troubled 
ground, in that north-eastern part of the Merionethshire anticlinal 
which is marked by the sharp curvature of all the strata, in the 
ground between the Arenigs and Derwen.* When the geologist 

* Denren lies about 13 miles RN.E. of Bala. 
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first atUckfl the covmtry, he is everywhere met by eonflietiog 
strikes^ and unexpected patches of limestone and aah scattered 
hither and thither in apparently inextricable confusion, conveying 
the impression that not one or two, but many short beds of lime- 
stone and ashes are interstratified with the other rocks; and it was 
only by the exjpenditure of much labour and skill, that Mr. Jukes 
was able to dissect the main features of this intricate puzzle, and 
prove that all the limestones are parts of one and the same bed, 
and that there are only two lines of ashy strata. 

'' It has been clearly ascertained that the Bala limestone and 
the limestone of Bhiwlas are the same bed ; that the line of the 
Bala limestone previously described, after ending at Y-Gamedd, 
is taken up at Khiwlas, 2 miles to the W.N.W., or in a direction 
at right angles to its previous general strike. If we supposed 
this dislocation to be the effect of one faulty and the mean dip of 
the beds to be 25% it would involve a perpendicular downcast to 
the north-west of about 5,000 feet. Begarding this result as the 
effect of one principal fault, we have by Ho means the whole 
amount of fracture and dislocation that has affected the country 
we are now« entering on. Several other faults of great magnitude 
can be traced in it, as well as numerous and strong flexures in the 
dip and strike of the rocks, producing a most singularly contorted 
and broken district In describing this I will endeavour to con- 
dense the local details, and give, in as few words as I can^ 
a sketch of that structure which required some months of hard 
labour to make out 

** In the first place, then, the rocks on the north-west of Bala 
lake, between the mouth of the Llafiur and the Try weryn, are 
precisely the same group of beds as those on the south-east side. 
They are composed of the same grey arenaceous slate rock, resting 
on the same black slates, which imdulate with several fiexures 
over the ground to the westward, until they finally crop out, 
resting on the traps of the Arenigs, precisely as they do to the 
southward on those of the Arans. The grey grits on both sides of 
the lake contain ash beds of precisely similar character. As we 
trace them to the north we find, as soon as the ground admits of 
it, that the limestone comes in above the upper ash bed at the 
same distance as it preserved on the east of the lake. 

''The frequent repetition of the ash and limestone, always 
bearing the same relation of position to each other, and having 
the same strata below, between, and above them, establish their 
identity. These characters are too constant to be accounted for 
by accidental resemblances in different strata, while, unless they 
are supposed to be identical, the structure of the country becomes 
altogether unintelligible. By a fortunate chance a quarry was 
opened in the limestone of Bhiwlas, a mile north of Bala, while 
the district was being surveyed. Professor E. Forbes was 
himself present, and from this quarry a number of fossils were 
procured that have hitherto been found nowhere else." 

RldwlaSf 8fc. — The Bala limestone at and near Bhiwlas bein^ 
unusually rich in fosnls, I ^ve a fuller list of them than usuaX 
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copied from the Surrey List book* Those that are not found, or 
are very rare, south and south-east of Bala Lake, are marked with 
an asterisk. 

Corals. 

Stenopora fibrosa, 
Ckmtetes petropoUtana. 

Crinoioba. 

PleuroeysHtes,* 

Hemicosmites,* 

H. rugatus.* 

SpktBronites muniius.* 

S. LUchi* 

S. .♦ 

8. 

S. 

8. punctatus,* 

8, pyriformis,* 

Eehinosphterites Datritii* 

E, granatum,* 

Roots and stumps of EncrinUes, some 

of them pentagonal, Annelidte and 

Serpuhe, 



Trilobitbb. 

Ilktnus Dttvim,* 
Phacops Brogniarti F* 
Cheirurus bimucronatus, 
C. clav^rotu. 
Enerinurus sexeostatug,* 
Cybele rugosa,* 
TVinucUus seticomis. 
T, coneentricus, 
Ampyx tunUdus.* 
Acuuupis .* , 

Remopleurides ColbU,* 
R» Umgispina,* 
R. radians* 
Lichas laxatus, 
Agnostus trinadus,* 
Asaphus PoufisU, 
Beyrichia, very nmnerous. 



Brachiopooa. 

heptmma tenuicmcia,* 

L. quinqttecostaia,* 

Xi. serieea, 

8trophomena depressa, 

8, expansa. 

Orthts Actania. 

0, elegantula, 

0. simplex. 

0. bfforata, and others. 

lAngula, 

L. ooata, 

Rhynchonella bideniata,* 

Lambllibranchiata. 

Modiolopsis or Myiilus, 
Orthonota. 
Ctenodonta, varieosa. 



Gastbropoda. 

Holopelia contea,* 
H, lymnmoides,* 
H, exserta,* 
H. carinata.* 
Murchisonia .* 

Raphistoma, * 

R. .♦ 

BeUerophon bilobatus. 
B, nodosus. 

Cephalopoda. 

Orthoceras vagans,* and 5 or 6 others 

unnamed.* 
Lituites comu-arietes, and 2 others. 
Cyrioceras, several species.* 



Bala Beds, Tarannon Shale, and Denbighshire Sandstone, 

" Nearly directly north of the town of Bala, limestone is found at four places* 
Rhiwlas, Llwyn-y-ci, between Penmaen-isaf and Penmaen-gannol, and at 
Eglwys-Anne, places arrani^ed on a line running about N. i E. and S. i W., 
and from one-tnird of a mile to a mile apart. At each place the limestone dtps 
nearly south at from 10° to 30° ; a person, therefore, merely walking from one 
to the other would at once set them down as four separate beds of limestone, 
and assign a very great thickness to the whole group containing them. It is 
found, however, that neither of the three first-named pieces of limestone can 
be traced along the strike for more than about 200 or 300 yards. They end 
abruptly each way. In each case, also, at almost precisely the same distance to 
the north of the limestone, namelv, about half a mile, a piece of ash is found, 
likewise ending abruptly in both airections, likewise dippmg to the south, and 
in all respects a counterpart to the limestone above it as far as the nature and 
slope of tbe ground will permit. Moreover, if we join the ends of each piece of 
limestone and ash by steaiffht lines, those Lines are very nearly parallel to each 
other, and if we produce tnem they touch the end of the next piece of ash or 
limestone below or above, as the case may be. In other words, these lines an 
faults, each of which is a downthrow to the north-east, and the portions of 
ground between them are narrow blocks, severed from the iMger and more 
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penittentpovtioiis of the same beds. Weaimeatoneof thetelaigerpoitioiis 
at EghvjB Anne, whence the limestone may be followed continuoiialy in a 
corved Ime round the north end of Moel Emoel, and down the valler on the 
east towards Bwldi-y-TVno, and then along a more sharply corred ana broken 

f. Half a mile to the north of .the limestone a line of ash 



line to Creigian-iaaf . 
follows the same outline in all its corves. Thejr both end in the same manner 
at a line running nearly north and south on the east side of Garw-fynnydd, 
and small detached fragments of both are again found dotting the countij to 
the north-east along a probable line of fault, which runs thence to the south- 
west, and in that cQrection cuts off the Denbighshire sandstones near Uan- 
dderfeL There is thus immediatelT to the northward of Bala a broken trough, 
open to the south, the apex of which is at Pen-bwlch-ffwyn, its western side 
being formed of the broken pieces before described^ ana its eastern side bdng 
fonned of limestone and sandy slate, dipping west as far as Creigian-uchau 
To the south of that pmnt, however, or about Rhoa-dawell and Moel-dryQ,* 
neither limestone nor ash are to be found, the beds being thicK sandy slates, 
with current or ripple mark often visible on thdr surfaces. They form altogether 
s bulky mass of v^ great thickness, dipping west at a high angle, and often 
absolutely perpendicubr. I conclude the proper place of those Bala beds is 
somewhere above the limestone, and believe that a mult running about W.N.W. 
and E.S.E., runs somewhere at the northern end of Rhos-dawell and between 
it and the limestoncf 

** Betuming to the north end of the trough before described, the line of the 
Uandderfel fimlt would pass, if produced, just north of the ash of Pen-y-bwlch- 
gwyn. This fouh seems to branch first about a mile north-west of Uandderfel, 
and again on the southern slope of Moel-y-Darren, the intermediate pieces of 
rock being thrown down to the northward. We accordingly find the evidence 
of its continuance thus &r in a recurrence of the ash bed, with nearlv the same 
eontour as on the ground to the northward of it, but modified by ue shape of 
the oountiy. From each end of this piece of ash also smaller fragments are let 
in between cross fractures. Thus for, or from Bala to Y-Gesail, the dip of the 
rocks along the centre or axis of this rudely trough-shaped piece of country has 
been uniformly south. On Y-Gesail, however, it flattens to the norA, and for 
about half a mile the beds are as neariy as possible horizontal, and then begin 
to dip gently to the north. From this dip it results that a considerable and 
▼err conspicuous outlier of the ash is found on the summit of Craiff-y-Uwynog, 
and on the opposite side of the edley, or about (xelli-oedd and Uecnwedd-fign, 
it dips under the countiy to the norm. 

** We have in this description the appearance of a broad anticlinal curve, the 
centre of whidi is Y-Gesai( from whicn the beds dip north and south respec- 
tively ; this is true so €», but the anticlinal line is a veiy short one, the beds 
from under it, while they dip north and south, rising pretty rapidh^ towards 
the cast and west respectively, and thus making a mere saimle rather than a 
long ridffc. The anticlinal curve is in fret a part of the great Merioneth 
antidinaJ, the minor fractures and contortions being due to mere local dis- 




** To see this more clearly, let us shift our point _of view._ The beds 
of ash and limestone of Pen-y-l 
for some distance to the 
fault, recover something 
and run north-east for some distance, with a pretty high dip to the south- 
east. They are, howe^-er, much broken by friiilts, and the limestone has 
espedalty suffered, since it only makes one poor appearance about Llwyn-onn, 
and is never afterwards seen till we reach Pont-y-g^-diff«rys, on the Irolyhead 
road. It is probable, however, that its disappearance is not wholly due to its 
being concealed by fruits, but in part, perhaps, to its thinning out or parting 



* From a mile to two mQes north and north-east of Bala. 

t The great frniti which on the western side of the trough ran aboot north by 
wert and soatfa by east most necenariiy have one cross fracture or more somewhere; 
it is poasible the frnlt numing across the northern end of Rhos-dawell may serve this 
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with its ealoareous matter and fossils, so aa to be no longer distingaiahaUe. 
The principal ash bed below it runs on for some distance, and is v«iy well 
shown round the north end of Pen-y-oerrig-serth and in the yallej to the 
north-east, when it disappears, or at least cannot be traced at the surface. 
Another ash bed, however, which comes out at a still lower level, and which 
is of a lighter colour and more flaky character, can be traced on down to Llwyn- 
Saint on the north-east, and in the other direction is found to form a broken 
curved line by Ty-newydd, the top of Cwm-da, Y-foel-goch, Fridd-gwan, and 
Hendre Garth-meilio. It thus partly surrounds the village of Llangwm, viz., 
on the south-east, south, and west sides, and at every place dips from that 
village as a central point, passing under the upper ash, which equally sur* 
rounds the village at a greater distance. Now the outcrops of these two ash 
beds keep at a considerable distance from each other in the space described, 
except at one point just north of Pen-y-oerrig-serth ; it might be imagined, 
therefore, there was a great thickness of rock between them. I believe, how- 
ever, this appearance is due to dislocations and the nature of the ground. 
'Iliis is rendered probable, because on the north-east of Llangwm, across the 
Holyhead road, two ash beds occur on the sides of the steep clifPs, with no 
great thickness between them. These ash beds are likewise much broken by 
faults, which rather, however, dislocate and disturb the dip of the beds than 
produce any great amount of upthrow or downcast, and render it difficult to 
say what is the general strike and dip of the mass, except from that of the beds 
above and below them. Guided by this, we may say that these ash beds dip 
at first east or north-east, passing under Cader Dinmael, and then curve over 
and dip to the north-west, in which direction, after being brought up again 
once or twice to the surface by faults, they finally dirappear just beyond 
ilendre Arddwv-faen. We now have the village of Llangwm entirely girt by 
a circle of ash beds, except about 60^ of the circumference between W.X.W. 
and north by west, and find that the dip of the beds is on all sides from Llan- 
gwm as a centre. There is nothing in that neighbourhood to account for this 
circumstance, neither do any beds appear there which could be identified very 
strictly with the black slates that be just above the traps of the Arenigs and 
Mynydd-nodol. The surrounding faults must necessarily traverse this spot also, 
and probably continually reproduce the same beds at the surfiice as is their 
effect elsewhere. The broken domo-shaped form thus assigned to the rocks 
around Llangwm is merely the result of a local intensity of mrce, the centre of 
which is on the axis of the great Merionethshire anticUnsJ. 

"If now we trace the superior rocks, viz., the Tarannon shales and Den- 
bighshire sandstone, we shall find them describing a curved line generally 
parallel to the curve now assigned to the ash beds. After crossing the river 
l)ee, they run nearly in a straight line N. d5° E. for rather more thui 8 miles, 
or to the banks of the Clwyd between Bettws-gwerful-goch and Derwen. Their 
(lip is from east to south-east, at angles varying frt>m 15^ to 50°. 

** At a veiy short distance to the westward of this boundary, however, the 
mass of the beds are in a very different position, and dip almost invariably 
south at a verv high angle, varying from 40*^ to 8(f . This is most remarkably 
the case in a band of country about a mile wide and 4 miles long, stretc^ng 
from the Llandderfel fault to the Holyhead road near Maes-mawr. The posi- 
tion of the rooks hero is most anomalous, since they strike towards the ash oeds 
on the west and the Denbighshire sandstone on the east, dipping south at a 
mean angle of about 6(f ; yet, as a group, their range is north-east by north, 
and neither ash beds nor limestone, nor any known lower rocks, can he found 
among tliem. I can only explain their structure by supposing a number of 
faults more or less nearly east and west, causing frequent downthrows to the 
north, so as to bring in a recurrence of the same beds in that direction. That 
faults of some sort exist is shown in several places by large masses suddenly 
striking at right angles to each other, sudden changes of dip at verv high 
angles, and other similar signs of dislocation. When we reach the Holyhead 
road we at last find the limestone well exposed in the gorge of Glyn-diffcvys. 
It here exhibits its usual characters, having a bed of black orystdline limestone 
for its base, above which are some banded concretionary beds ; these concre- 
tions arc, however, larger than usnal, the beds thicker, and the whole calcareous 
mass of much greater importance than it ^jenemlly exhihits. Calcareous matter 
extends also into the slates above, so that there Is a thickness of what may be 
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called limestone heve of abcfut 50 Ibet. The beds ace mneh Inoken, dipping at 
one place sooth-eaBt and then aootb-weat at 5(f and 60°, and &iaUy aU>at 
aootn by east at 70°» with which dip they strike along a part of the Holyhead 
load for nearly half a mile. At the eastern end <if the wood nnder Groes-feen 
the calcareoos beds are suddenly lost, bat on the hill-eide to the northward 
above Tyn-y-bryn highly fossiliferous beds with some calcareous ooncretionaiy 
patches are found, mpping to the south-east and east ; and, following these 
along the strike to the northward, a patch of limestone is formed near Hafodty- 
gader, dipping east at 3€P, Immediately north of this spot a rotten arenaceous 
slate is seen dipping north at 5% but nearly a mile to the westward the Bala 
fimeBtone is agam found in full force, with all its usual diaracters, on the top 
of Cader Dixmisel. It is, as usual, both contorted and broken by fonlts, so 
tiiat in one place there might be supposed to be two beds of it : its general dip, 
however, is north at about a mean angle of l(f. To the westward the lime- 
stone is suddenly cut off, apparently by a fault, and is never again seen in the 
ndghbouifaood in such a form as to be recognised. It will be seen that, not- 
withstanding its broken condition, a line drawn through the detached pieces of 
limestone mil conform in shape very nearly to the line drawn through the 
broken ash beds below it. 

^ In order to mark the upper boundary of the Bala beds I shall here briefly 
describe the passage of the Tarannon shales and Denbighshixe sandstone in 
their carved course across the great Merionethshire antidmaL 

** Hie upper beds of the Bala series, after crossing the Holyhead road about 
Mae»-mawr, still retain their high southern dip for some oistance but with 
greater irregularity. About Bettws-gwerful-goiai a large mass of them dips 
legolariy to the south-east under the Tarannon shales and Denbighshire sand- 
stone at an an^le of *60°. Farther north, however, at Ty-oerrig, tiie Bala beds 
are foulted agamst the overiying strata, but in addition to this there is evidence 
of a well-marked unconformity, as about Dyfannaa the dip of the Bala 
beds is north at 20P, while the Tarannon shale and DenbighuiirB sandstone 
dip nearly east or east by north at about d(P, Where the Denbighshire sand- 
stone crosses the Glwyd, about Tfn-y-coed, some well-marked beds of con- 
glomerate strike directly across the river, dipping east at 45^ for half a mile on 
each side, but forther north the beds flatten rapidly, begin to dip more northerly, 
and the boundaiy curves to the north-west and about Pont Bod-Reuail, where 
it again crosses tiie Qwyd, the general dip is nordi-east at 2(P, with a small 
local curve to the east, but very shortly a wide and general dip to the north 
sets in at a not greater angle than 15^. The boundary of the formation then 
strikes west to the meridian of Gerrig-y-Druidion, and the formation spreads 
to the northward with several gentle undulations, dipping nortii and south at 
about 5°. Throughout this course a narrow band of Tarannon shale separates 
these sandstones from the upper part of the Bala beds. The upper Bala beds, 
after safforing one or two sharp flexures to the northward of Bettws-^werfiil- 
goch, causing them to dip in various directions at angles often eouallmff 70^, 
bkewiie acquire gradually a northerly dip ; and on Y-Graig-wen, Dcrwydd, in 
the bed of the Alwen, and thence to Cenig-y-Droidion, mp always Mtween 
north and north-west at angles varying from 6^ to 20^, the lesser angle being 
slwm tiie nearer to the boundaiT of the Upper Silurian rocks. 

** We have now traced all the beds, from the lower ash bed to the Denbigh- 
shire sandstone, round the sweep of the circle which has Llangwn for its centre, 
except over a space occupying about BCP of that rirde, to the north-west of 
Llangwm. The two principal defects in the description of the district arise 
from the absence of the Bala limestone in the space between Uwyn-onn and 
Pont^-Glyn-diifwys, and in that between Cader Dinmael and Cerrig-y- 
Draidion. That absence may be due either to fruits, or to the dying out of 
the beds, or to both conjoined. Quite sufficient evidence renuuns to show that 
the strate have been raised into the position of a fractured dome, of which 
Llangwm is nearly in the centre. When, however, we come to examine the 
slice of co un try included in the angle of 50^ just mentioned we find ourselves 
entirely at frnlt, from the almost total absence of all evidence as to its structure. 
Neither ash bed nor limestone is to be seen, and over the greater part of the 
space the boundary of the Denbighshire sandstone is utterly illegible. At a 
place about a mile and a half nor&-west of Llangwm, near Hendre-wen, are a 
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few small quarries, in which the usual fossils of the Baia limestone, and also 
many specnmens of the Terebaiula navicida were found ; there were also a few 
calcareous nodules. It had, however, no sign of the usual mineral character 
of that bed. The country around it, and idl to the north-west, is so covered 
with drift that it is rarely a piece of rock in situ shows itself. Along the south 
side of the ridge, running W. i S. from Cerrig-y-Druidion, a little rock is seen, 
oonunonlyan arenaceous flagg]^ slate of predselvthe same Uthological character 
as that to the eastward of Cerrig-y-Druidion, which dips towards the Denbigh- 
shire sandstone. The north slope of this ridge is buried under an immense 
accumulation of drift extending mm the Hat of Merddwr almost to the sununit 
of the ridge. About a mile north of Cerrig-y-Druidion the Tarannon shale 
and Denbighshire sandstone boundaries suddenly turn southerly, and the beds 
dip west at 50°, but very shortly curve back again, and by Tjr-tan-y-foel dip 
north, with slight undulations, at about 5°. With this inclination the boundaiy 
sinks into the flat of Glan-y-gors. West by south firom this spot the Denbigl^ 
shire sandstone is seen suddenly to rise up the side of the hill called Gam Brys, 
and beds of coarse conglomerate, belonging to that formation, are shown veiy 
conspicuously on the summit of that mil, dipping N. 30 £. at 25°." On the 
south this rock is in contact with beds far below the Bala limestone, and it 
will presently be shown that the disposition of the rocks of this neighbourhood 
is probably partly to be accounted for by faults. 

" In previous descriptions* it has been stated that, when not faulted, the 
black slates wrap rouna the upper ashes of the Arenigs and Mynydd Nodol. 
To the south-east and east they dip under the countrv which has been already 
described. On the north-east they dip from the asn of Craig-ddu towards 
Moel-cwm-maen, on the south flank of which the two Bala ash beds are shown 
in a less broken condition than usual, the upper one being the equivalent of 
the ash that underlies the limestone of Mod Emoel, and the lower that of the 
flaky ash near Llangwm. Farther to the north the ashes are agfun a good deal 
fractured, notwithstanding which they turn rouild conformably to the general 
outline of the Arenig ash, and dip north from Gamedd-filiast towards Gam 
Brys and Copa-ceiliawg. On the hill side south of Blaen-y-cwm there is a 
very thick flaky ash bed of predsely the same character as that which surrounds 
Llimgwm, and which, after dipping west at Hendre Garth-meilio, and passing 
under Pen-y-Gob, Llechweda-flgn, and Mod-cwm-maen, reappears with an 
easterly dip about Defddty-isaf and Cader Benllyn. The upper ash of Moel- 
cwm-maen can be still more easily identified with a long piece that from near 
Bwlch-maen-melin runs up to Copa-ceiliawg with a gentle dip to N.N.E. 
Now, in following the strike of these two pieces of ash, we are in each case led 
to detached beds of trap, differing in structure from the ashy beds heretofore 
described. The lower ash strikes directly for a piece of trap seen in the brook 
of Cwm-gylchedd, and, but for a probable fault, might doubtless be traced into 
it. The upper ash is lost under oog and earth on one flank of Copa-ceUiawg, 
but precisely in its strike on the other side of the hUl is a bed of hud compact 
felspathic trap, with a few dispersed crystals. The lower piece of trap in Cwm- 
^Ichedd appears to be much thicker than the lower ash, out is only to be seen 
in tha bed of the torrent. The upper trap is very little thicker or more massive 
than the upper ash, resembles it exactly in external appearance, and continues 
in the same strike for half a mile, dipping north at 30^ till it reaches the brook 
running down towards Cerrig-ceUgwm-isaf." 

Now, on looking at the map, it appears that the Tarannon shales are absent 
on the east, south, and west of the promonto]|7 of Denbighshire sandstone tha^ 
lies between Pentre Vodas and Gam Brys. Up to this point these shides have 
been constant, and they again appear in their usual podtion for a brief space 
towards Llanrwst, and fiuther north between Uanbear and Conway, where no 
fault interferes to out them off. Further, experience shows that in this 
neighbourhood, and indeed everywhere in North Wales and Shropshire, ^ey 
immediately underlie and are conformable with the Wenlock shide, of which 
the Denbighshire sandstone forms the base, and it is therefore most unlikely 
that at this point the sandstone should suddenly overlap them. But north-east 



* Pp. 48 to 50 ; 71, 74. 78. 
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of Gam Brjn tbe Bala beds and DenbigfaaluK sandstone stiike directly at each 
oilier^ and this can onlj be aoooonted for by a north-east fautt. 

** On the south side of Gam Brjs the npper ash is bnt a Tery small distance 
removed from the boundary of we Denbighshire sandstone, and as the beds 
dip at only slight angles there cannot possibly be room for tiie ontcrop of the 
Bala limMtone and superior beds he^een the two. Either then there is a 
fault, or the Denbighshire sandstone has crept suddenly and unoonformably 
over the outcrop of the Bala limestone, and covered it from view." The latter 
supposition is at variance with the behaviour of the rocks of the neighbour- 
hood, and it being certain that the Tarannon shales are also absent, it seems 
probable that the Denbighshire sandstones are thrown by a north-west fault 
wunst a low part of the Bala beds between Gam Brys and Flas-Uchaf, near 
ispytty Evan. " On the supposition of unoonfmrmity we should probably find 
the bala limestone reappearing from under the Denbighshire sandstone some- 
where frither on if we followed its boundaiy. Now in following the brook 
called Afon Clettwr, a little beyond the bridge of Pont Clettwr, we find some 
large blocks of Bala limestone almost if not quite in situ, and the Denbighshire 
sandstone capping the hills above at Tv-newydd. This evidence is rather in 
favour of the suppodtion that the Denbighshire sandstone has crept unoon- 
formably over the Bala beds. But there must also be some fftult or faults to 
acooont for the relations of the two between Plas-Uchaf and Pentce Voelas." 

The 'same evidence of conflicting dips and general absence of Tarannon 
shales (except in one spot, which strengthens the proof) give strong presumptive 
evidence of a &ult which throws down the Denbighshire sandstone on the 
north-east against the Bala beds between Pentre Voelas and Hendre-wen, near 
Llanwrst, and also on the east under the alluvium of the Conway between 
Hendre-wen and the country 2 miles south of Caerhun. 

** From the Clettwr the limestone is not traceable in either direction on 
account of the drift and other superfidal covering ; but a quarter of a mile 
south of Yspytty Evan, near Ty-nant, calcareous b^ are seen, which strike 
for tiie river Conwy, a little above the village. Here the limestone is found in 
its most characteristic form, and is traceable thence up the hill by Hafod Evan, 
when it seems to spread on the hill side, and thence turns down again into the 
Conwy opposite (^aig-ddu. It thence again strikes up the hill alK>ve Pennant, 
and is wdl shown on the moors above the wood, when it appears suddenly to 
end, dipping east at an angle of 25*^. 

** Its next appearance is about a mile north of this spot in the brook south 
of Blaen-eidda-isaf, and then on the hill side above Tyn-y-graig, dipping E.S.E. 
at 26P. It is traceable thence to a line of quames which run over some hills 
north of a moor called Pen-Hech. In these it is excellently shown with all its 
usual characters, and runs down, with some contortions, into a large wood 
between Penrhyn-uchaf and Dylase-isaf. It is here lost sight of, but is again 
found on the opposite bank of the Conway, running for about half a mile to 
the N.N.E. by tne house of Berthidion. Between this spot and Uanrwst no 
trace of it has been found. 

** We have previously traced the course of the lower rocks containing the 
ash beds up to the river Clettwr. I will now briefly describe their fiirther 
extension. 

'' In the first place regular ash beds are not met with anywhere round the 
valley of Yspytty Evan. In their place, however, and about the same distance 
below the limestone, occasional masses of a very singular rock are found. 
This has a fdspathic base, sometimes hard and compact, at others flaky — ^in 
the one case like a trap, in the other like an ash. It is crowded with round 
concretions varying m>m the size of a pea to that of a man's fist. In some 
cases these form a mere nodule of compact rock like the base, but in others 
they are regular agates with concentric coats and a orystalline nucleus. This 
rock does not occur in regular beds, but in roundish lumps and bosses, some- 
times not more than 10 yards, sometimes as much as 100 in diameter. The 
bosses do not appear to produce any confusion in the adjacent beds, but appear 
as contemporaneous as tiie ash beds. ' This is farther ahown by their occurring 
always along a certain horizon at a regular distance from the limestone, the 
line of the two always running parallel in all their curves over the country. 
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Thufl the line passing through these bosses runs along the hills south of 
Yspytty Evan on the right bank of the Conway, parallel to the limestone, 
crosses the river about hiJf a mile above Pennant, and then by Blaen-dddew- 
uchaf up to Penlleoh, where it forms the very conspicuous bosses of Cam-y- 
parCy &c., and thence down to the Conwy at its junction with the Machno. 
This curved line evidently marks the existence of a rude synical depression, the 
axis of which runs about N.N.E. in, or parallel to, the valley of the Conway 
about Yspytty Evan. This depression, however, can onl^ be indicated approxw 
mately, for the whole of the country on both sides of this part of the Conway 
between Pentre Voelas and Dinas House has been violently disturbed, and the 
rocks now lie in great confusion at all angles and in all positions. Several 
small anticlinal and synclinal lines can be traced in them running due east 
and west, with the rocks dipping north or south at 70° and 80°. In aeveral 
places the beds are perpendicular, striking east and west, while dose by the 
same beds may be seen dipping in various directions at no greater angle than 
6° or 6°." 

It will be recollected that one or two places were mentioned in the neighbour- 
hood of Bala» where a mystalline ash bed was found about 30 or 40 feet below 
the limestone. This is Tepresented in the Penmachno district by a very con- 
siderable bed of contemporaneous trap, lying just below the limestone on 
Penllech, and near Berthidion. It is in some places at least 60 or 60 feet 
thick, but thins out to an ash bed of about 10. It is sometimes nodular or 
concretionary. 

From the junction of the Machno and the Conwy, to which we had brought 
the nodular ash or trap mentioned before, we mav trace it still half a mile or a 
mile to the north-west, where it forms a large and imposing mass called Bryn- 
y-ddinas. From this, another series of great bosses and masses of the same 
rock may be traced to the south-west, along the top of the ridge forming the 
south-east bank of the Lleder, and thence to Ro-Uwyd and Ro-wen, the two 
highest points between Penmacho and Dolwyddelan. This curved line running 
along both sides of the valley of the Machno shows it to be occupied by a rude 
anticlinal arch, the axis of which runs N.N.E. and S.S.W., parallel to the 
synclinal line of the valley of the Conway near Yspytty Evan. This is oozro- 
borated (if need were) by the position of a faulted ash bed, near Penmacho, 
which represents the lower ash of Cerrig-y-Druidion and Bala, or, at all events, 
is very near its horizon. It is much oroken ; but a line joining its d^ached 
portions would run from the east side of the Machno, near Bryn-y-grug, 
through the village, and thence up the valley of Glascwm, forming a smaller 
and inner curve parallel to the outer and larger one of the nodular trap above, 
and parallel also to the general outline of the broken curve of the Uyn Conwy 
and Manod ashes below. 



CHAPTER XV. 
The Counxby between the Manods akd Moelwyn^ Mosl 

SlABOB, AND NaNT GwTNANT. 

General DescripHon. — The Bala beds hare now been described 
from the neighbourhood of Dinas Mowddvry to the heights between 
Penmachno and Dolwyddelan. I shall continue this description 
through the slaty region that lies between Moelwyn, Nant Gwy- 
-"^uit, and Moel Siabod, leaving to succeeding chapters the great 
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mountain range that lies between the Conwy, Traeth-mawr, and 
the Menai Straits. 

North of Moelwyn and the Manods the slaty rocks dip north 
and north-west, plunging under the felstones and calcareous ashes 
of Dol¥r7ddelan and of ue equivalent traps of the Snowdon region 
south-east of Llyn Gwjnant and Llyn-y-ddinas. The slates are 
associated with numerous lines of homblendic greenstone, which 
for the most part lie more or less between the beds, and are proved 
to be intrusive by the alteration of the strata in contact with them 
both above and below. In their higher beds near the felstones the 
ordinary strata are sandy, and yield numerous fossils of the ordinary 
Bala spedes. 

Both physically and palasontologically the proof is clear that 
these are equivalents of the Bala beds and of the Caradoc sandstone 
of Shropshire, and that the calcareous ashes of Dolwyddelan are 
the actual representatives of the Bala limestone ; and in succeeding 
chapters it ^vnll be shown that this leads to the startling conclusion 
that all the vast masses of ashes that crown the felstones of Snowdon 
and Moel-Hebog are but an enlarged development of the same 
stratcL 

Fh>m the Moelwyns to Nant GwynmU* 

Xorth and north-west of the Ffestiniog slate quarries for about a mile, the 
rocks principally consist of blue slate. On the Moelwyns above the felstones 
there are beds of good equality, dipping north-west at angles of about 4(f. 
The dip of the cleavage is a few degrees higher. Higher in the series^ the 
quality of the slate seems to deteriorate. When weathered it is then of a dull 
rusty Drownish colour, and when freshly split dark blue or blueiah grey. The 
beds are beautifully exposed on the slopes of Yr-allt-fawr about a mile north- 
east of Cwm Orthin, and from the Ffestiniog and Dolwyddelan road massive 
beds of these strata may be seen piled on each other, dipping steadily north at 
angles from 40° to 60^. On the west side of Cwm Ortnm, about half a mile 
north of Moel-y-rhudd, just about the top of the dark slates that are believed to 
form the Upper Llandeilo strata, a few short thin hard felspathic ashy bands are 
interstratified with the slate. They represent the last dying away of the thick 
bedded ashes of Llyn Conwy and Migneint. The beds are somewhat contorted, 
and greenstones partaking of these contortions are intruded among them, alike 
altenng both ashes and slate, the latter in the crags that overhang the 
brook south-east of Bwlch-cwm-Orthin being changed into a kind of dark 
Lydianstone. 

Between Moelwyn and Cynicht the slates have been described by Mr. Selw]rn 
M ''blue and grey aigiUaceous and arenaceous slates, with occasional tmn 
" bands of fine-grained grey and brown sandstone."* 

On Cjmicht Homalonotus bisculatus was found and other Bala fossils in the 
neighbourhood. Good sections are seen on the hills round Llyn-conglog, on 
Cvnicht, and on the road between Llanfrothen and Beddgelert. The surfoces 
of the beds are often ripple or current marked, and the beds occasionally 
nndulate, as for instance around Llyn-coch, and on the road north of lianfro- 
then. Tlie general dip is however north-westerly at angles vaiying from 25° to 
50^. In general the cleavage dips in the same direction at angles of about 70° 
to Off, but about a mile north of Llanfrothen it strikes northerly, and b often 
nearly or altogether vertical 

One line of felspathic trap intersects these rocks on the north side of Cwm 
Orthin, in the manner shown in the following diagram, which represents the 

feneial arrangement of the strata on a north-west une between the syenite of 
Testiniog and the top of the hill that bounds Cwm Orthin on the north-east. 



* Horisontal 6-inch section. Sheet 28, line 3, to whidi great part of this chapter 
gencnlly ^vpUes. Also Plate 28, No. 3. 
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2. Speckled felsHthie and ulcose fiagg; beds. 
' 3. E«lipatluc tahy conglomerate. 

Uandeilo t' v!5™,~™h«, 
sTiA J 5. relspw porphyry. 
T> I L J 6. Blue slste of the slate qturries. 

Ball beds. ^.Tdspsthictoip. ^ 

, 8. Bloe slaty beds. 

In piftcea the trap No. 7 is Blif;htlj faomblendic ; and though probably ill' 
tmded between the beds, it may poasibly be a regularly interbedded lava-floir. 
Besides this there are maxiv eruptive courses of gTeenstone north of the 
Moelwyn range (Plate 28, ■ fig. 3), forming part of a series that haie been 
intruded into the fisJa beds between Tremadoc and the west side of Cwm 
Penamnen.* like others of thdr claaa in North Wales they show a general 
tendency to conform to the strike of the country, but in spite of this the dr- 
cumstance that they somctitues almost iaiperccptibl^ cross it would alone suffice 
to prove their intrusire character, and their occasional more irregular btauch- 
ings would place this beyond a doubt, evsu without the more direct evidence of 
the alterations they produce on the slaty rocks in contact both with tbeir under 
and upper surfaces. Altogether the}[ form a marked feature in the district, 
cropping out in the ten miles of hills that range between Treeth-mawr and 
Cwm Penamnen in more than forty spots and bands, some of which are several 
miles in length. Partaking of tbe contortions that have affected the whole 
CountiT after their intrusion, it is possible that some of them may join not far 
beneath the sur^ce, and only rise in different horizons by cutting slightly 
across the beds underground. Good examples of the effects of the unduMions 
of the strata on the greenstonea nwy be seen in the country immediately north 
of Moelwyn and west of Cwm Chthin, where, in an irregular manner, they 
follow all the twistings of the strata into which thev have been injected. A 
striking cKaraple alM occurs on Castell, between Cwm Orthin and Llyn-V' 
Ddinas, where the greenstone alike cuts across the strike, and partakes of the 
contortions of the country (Plate 2S, fig. 3) ; for about two miles to the 
north-east, near Llyn-Edno, this greenstone is separated from the bodr of that 
porphyry by a considerable thickness of strata dipping north-west, about 25°, 
' the greenstone also dipping approximately with the beds. Were the oreenstone 
perfectly interbedded it would pass regularly under the outlier of Caatell on 
the east and south, instead of which it passes through it and again rises with 
a western outcrop north of Cwm-celli-Iago on the opposite side of the axis. 

At the north end of the neighbouring outlier of Yr-Arddu one of these 
ir^ected masses is crystalline and felspatbic, rather an unusual drcumstance 
with the linear injected rocks of North Wales. Rarely they seem to pass from 
fislspathic into well crystallised homblendic greenstone, as for instance in ths 
band, over five miles in length, that runs from Careg-hylldrem,t north-east 
under the steep slope of Cynicht t4) Llyn-coeh. Some are markedly crystalline, 
such as those of Moel-y-^est and the cliffs near Tremadoc, and the island- 
like hills of Hir-ynys and Garth that rise from the alluvium of Traetb- 
mawr. Finer examples still occur on the clifTs that partly bound the leclndcd 



* Cwm Peatmnen is not named on the map. It lies about five miles N.N.E. of 
Tftstinicni, on the way to Dolwyddelan. 
t By 'Traeth-Diawr 1^ mile north of Llanfrothen. 
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tonu of LljD-Ihgi Mid Llrn>adar,* whcte tlie aUe in eovrtaet widi them U 
attaed into a •potted poiceliDie aubftuiee, tadi u >a s<nnetiaMa torned 
" mikr ttnnr " Hiw i* fivqnentlj the case with ilates thrt lie doae to the 
gfrteiutonefl of Cmenurvoiiihire, and in such circumatuicea the; ok often 
qnurted for honestonu. Some of the greenrtones ue aeaAj amorphons, 
and th^ are alao in this area occuionallj colomnar, as on Ciaig-f-llTn-Uagi, 
Bwlch-jr.batel,t and bj the north-esst angle of tiie f^latooe porphfij of 
Yr-Aiddn, whm the ctHomna of hMnblendic greenstone lie at lignt angles to 

Fig. 21. 



g. QreenstODC. a. Allcnd tlalet. 
Good eiam^es of the greenstone and its dfects may be seen on Hoel-dan- 
Dogen and at Btrlch-j-gerddinen on the road from Ffeatiniog to Dolwjrddelan. 
The rock is an ordinaiy greenHtone, verj homblendic, and lar^r avstalline, 
and the slates both above and below the mus aie porcelanised, flakj, and 
■peckled like "snake-stones." Some alat; included fragments aieabo speckled, 
and others, which like these have been caught op and included in the green- 
stone dming its intrusion, have the appearance of felspathic trap. Hie sb^ 
all round an highly cleared, with the exception of the bands in the immediate 
neigfabonifaood of the g 



a. <3eaT«d slate. h. Altered ilale unclesTed. 

g. Greenstone with included fiagments of slate h. 
This gicenstone, like others of its class, was intruded into and altoed the 
slates before those disturbances took j>lace that haved and contorted the 
strata into thor present indined positions, and also produced the cleavage; 
and It is clear that the altered porcdanie character of the rocks in contact with 
Ute gKenstone pmAited then being dnved. If, as I believe, cleavage has 
been produced dj intense lateral preasure during disturbance of the strata, 
then it would appear that the excesnTe hardness and compactness of the altoed 
rocks in this instance hindered the particles from beii^ re-airanged so Uiat 
their m^or sxes sboald lie in lines at right angles to the pressnte, thus origi- 
nating a tendou^ to split in a certain direction, which constitutes deavaoe ; 
wheros hi the softer rock this change of poution of the particles was rcaadf 

Dohyddeian, — The following dii^ram explains the general 
Btroctnre of thia country between MaJtod-mawr, near Ffestiniog, 
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and the vaUey of Dolwyddelan, and eapecially illoBtnteB the oiv 
cumBtonoe that thick acooinulatioiu of el&te Bepuate the igneoiu 
rocks of the Atbiib, the Manodsi and Moelwyn from those of 
Dolwyddelan and Snowdou. 



^ <A nV>d<d 



Beyond the Moel-daimogea and Moel-farllwyd greeiist<Miea the 
BaU beds dip steadily north towaidB the valley of DolwyddeUn at 
angles ranging between 20° and 60° They consist of arenaoeous 
slate and sandstone (No. 4 Diagram^ No. 22), and are generally 
fbseiliferons, espedally in the apper part of the series, am)roacbing 
'' ' -^m uid aahes of Dolwyddelon. The strata are au more or 



I«w idwTed, the cteavage following tha geaaral strike of the 
ooimtrjrj and like the bedfl (but often at higher angles) dipping 
northerly at angles of from 60^ to 70^ Q1& following are the 
common foesilB of the neighbourhood : — 

NebiUjpora Um9 ; A»af^m» Pomi$Hf Homahmotm bkenieaiuif Cjfikire m mbt m p ia 
OfikU jbbeUuhan^ O, eattigrammoj 0. eleganiula, and 0. vemertUio, Strapko- 
w^ema frpossa, 8. grtrndis, LepUeua sericea, Orthonota quaarata, Ctenaaonfa 
Uevis and another, Mwrekiiomia fmpUx BeUeropkon bUobahu, &c. 

The igneons rocks of the valley of Dolwrdellan lie in an elon- 
gated baon ranging from Yr-Aiddu on the west to f -Fedw on 
the east On the souths the Bala beds dip under them at 
angles varying from 45^ to 80° near Hendre ; and on the norths on 
the slopes that rise towards Moel-Siabod, the same rocks dip 
southerly at similar angles. The trap consists of blue felstone 
weathering grey or ydlow, and it is partly overly by and 
partly includes a mass of dark blue fi»rruginous alate, the 
deavage of which follows the strike of the country, and is 
nearly vertieal, or dips sonllierly 60^. The bedding is obseure 
but probably dips north, and the rock has heen worked for 
date in several places between polwyddelan and Tjn^y-ddoL 
The brandioig manner in which the fektooe is assocBtrffd with 
this slate mi^t at first sight seem to indicate its intrusive dia- 
racter ; but it can be easily imagined bow successive flows of lava 
might coalesce at one end, while interstratified mud was deposited 
on other parts of the lava current in the intervals of eruption. 
Besides tins, the f elstone is r^ularir overlaid by a highly calca- 
reous brown ash between Castell-Ijolwyddelan andxr-Arddu; 
and this rock (except that it is onen mpre calcareous) is 
identical in stracture imd poation with the ashy beds that overlie 
the interbedded felstones of Snowdon, Y-Olyder-fawr, and Moel* 
Hebog. This ash is in places fossiliferous, somewhat feLsp^thic 
or sandy, and conglovneraiac, containing pebbles as laige as 
an egg, and sometimes so very calcareous that it weatiism pre- 
dsely like portions of the Bala limestone on the south'-east and 
north of Bala. From its position and lithological character^ 
Mr. Jukes, Mr. Selwyn, and myself were all of opinion that it is 
the actual representative of that limestone itself. Diagram 
Na 23 diows that it occupies Hie same general position with 
reference to the Manod and Moelwyn porphyry that the Bala 
limestone does to those of Aran-Mowddwy and the Arenigs ; 
and the fektone and fdspatliie ash of Dolvrvddelan may in 
some sort be considered the representatives of the ash that lies 
dose beneath the limesUme in part of Ae Bak district, or more 
of the £dspathic rock that kunediatdy underlies the 



same limestone on Pea-Uech, about two miles east of Pemnaehna* 
The thickness of the beds between the two sets of strata is in 
bodi cases approximately the same, and it will be observed that in 



* Horisontd fectiooy Sheet 31, line 4. 
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both districts the upper portion is sandy and fossiliferous, the lower 
beds being formed of dark blue and generally unfossiliferous slate^ 
believed to represent the upper part of the Llandeilo flags. 

Sbction acboss thb Bala Bids from Dolwyddblan to Mobl 

SlABOD. 

N.W. S.E. 

Mod. SlABOO. 



DOLWVD»ILAN 







^^fMb^ 



3. Felspathie porphyry. 

4. Gritf and slatefl, fowiliferoTU, Bala beds. 

5. Felapathio porphyrv - - -1 

6. CalnnoiiB feliqpathie ashes, equiyalent of the V 

Bala limettODe ... -J 



EqniTalents of the porphyry and 
ashes of Snowdon. 



Moel Siabod, — Between Dolwjddelan and Moel Siabod the foasiliferous beds. 
No. 4 of the above dia^tram^ rising in the moorland from beneath the igneous 
rocks of the valley, roll over to the north, about half-way up the mountain, and 
the Mstone No. o' is caught, in two small patches, in a kind of inclined basin, 
which mns trom the south-west of Moel Siabod to Llanuwchlyn on the left 
bank of the Conwy. 

The higher part of Mod Siabod is formed of a great mass of intruded green- 
stone (g), often columnar, which forms the crags that overlook LJyn-y-roely in 
the deep recess on the east slo^ of the mountain. On the south-west this 
greenstone commences near Llyniau-duwaunedd, and branches into two at the 
sununit, where the daty rocks are highly sJtered between the forks (No. 40. 
The longer branch strikes north-easterly, and crosses the Holyhead road near 
Dolbryn. The whole dips to the south-east, and cutting across the beds, again 
rises in this synclinal on a slightly difBerent horison in the long strip that runs 
from the tweuth milestone on the Holyhead road to Afon-ystymiau. A similar 
appearance of the greenstone occurs fruther west, supposed to be connected 
with the mun mass in the manner shown in the above diagram ; and it seems 
possible that these and the other patches that break out on the slope of the hill 
are all connected at no great deptn beneath tiie surfi&oe. Like others of their 
class, having been injected before the contortion of the country took place^ they 
are necessarily affected by its curves. 



CHAPTER XVL 

Ths Bala Bbdb and Intebbbdded Igneous Rooks bbtweek 
Bbttws-t-ooed, Moel- Siabod, Lltn-Ogwek, and Con- 
way, AND THE InTBUSIVE Ma88£S BETWEEN CONWAT AND 
Y«FOEL-FBAS. 

General Descriptian. — North of Moel-Siabod the Bala beds 
asBume a markedh' different character from that which they possess 
between Dinas-Mowddwj and Dolwyddelan, for they become 
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mixed with a much greater namber of beds of interbedded felstones 
and Yolcanic ashes^ which ran^e northward to Conway, and from 
thence soath-west along the higher Caemarvonshire mountains- 
Y-Foel-frH Carnedd-Uewelyn, Camedd-Dafydd, Y-Glyder-fawr^ 
Snowdon, and Moel-Hebog, are the chief mountains in this the 
wildest and grandest part of North Wales; and these, like the ranges 
of Cader Idris^ the Arans, and Moelwyn, consist in a great deg^ree. 
of Tolcanic products. It has been stated that these volcanic 
rocks belong to two sections of ihe Lower Silurian period^ for the 
the felstone porphyries and fe^spathic ashes, and perhaps eyen the 
intrunye greenstones of Merionethshire, were formed during the 
depodtion of the Llandeilo strata, while the same species of thick- 
bedded traps and ashes on Snowdon and the surrounding mountains 
are high in the Bala or Caradoc series. In both cases they form 
the highest mountmn ranges in Wales, not from upheayals caused 
by the intrusum of igneous masses in speoal areas, but simply from 
the circumstance that long after their formation, while lymg deqp 
below thousands of feet of newer strata, the whole of the Lower 
Silurian and Cambrian rocks of the area have been disturbed 
together, and rolled into great curving lines ; and the hard fels- 
pathic igneous masses now rise so high, because they have better 
withstood d^;radation than the slaty toidsA with wnich diey are 
interbedded. It is worthy of remark that the ranges formed of 
the lower porphyries, &&, of C^^der Idris, Aran Mowddwy, Arenig, 
and Moelwyn, lie midway up in the strata of the great Merioneth- 
shire anticlinal, while the peaks of the still higher range of Moel- 
Hebog, Snowdon, and Camedd-Llewelyn, actually lie in the middle 
of a basin. (Section No. 3, pL 28). The whole form but minor parts 
of an old mountain system of which Wales is only a fragment. 

The Mauntaint North of Capel Curig. 

I shall now describe the rocks of part of Caernarvonshire be* 
iween Bettws*y-Coed, Moel-Siabod, Llyn-Ogwen, and Conwy. 

At first right it requires an effort to believe that most of these 
rocks are the actual equivalents of the slender band of Bala lime- 
stone, near Bala, and of the slates and insignificant ashy bands that 
underlie i«;.. Nevertheless, alike physically and palaeontolo^cally, 
the evidence is clear ; and only in one or two spots on the banks 
<yf the Conwy do any of the rocks of that large area rise a little 
higher than the parallel of the Bala limestone ; while by fiu- the 
larger part is either on or a little below that paralleL It is not, 
indeed, till we reach the neighbourhood of the village of Llanberis 
and the middle of Nan« Francon, fiur be!ow the falls of tiie 
OgweU; that we get as low as the horizon of the Arans and 
Arenigs, and find that their lavas and ashes are utterly unrepre- 
sented in Caernarvonshire. 

Moel Siabod and Y-Tngfan, — Descending on the northern side of Mod Siabod, 
the green slopes consist, first, of nhJby beds, and, lower down in the cliffy 
region, of largely bedded grits (4, Fig. ^) that overlook the valley of Nant-y- 
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Thty we th« equivalents of the bedi between Dolwyddelan uid Hod* 
iWIlwrd (Fig. 23), and contain Btettopora fibrota, Ataphnt Potnrii, OrtUi ele- 
gatiltda, Murehitonia tanptex, Oriiocerala, and other Bai» fossils. In themidst 
of the ^ts there appeus a bed of felspBthic trap, which does not rise on the 
Bonth ado of the syndinal curre of Dolwjrddelu. Ite pontdon U npneented 
in the hUmnag diaf(rain> whkh maj be conndcted % ooiitinaatioii of the laat. 
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lie fUitone (Ho. 3) roUs aver In an anticHna] axis, as drawn on the maps* 
and sections, and eurres round lin an oral form immediatelT oouth-west of 
Capel Curig, including in its sweep the lakes of Llrniau Mjmtjjt. The rocks 
in mint of the hotel form part of it. On the norto side of the road it splits 
into three bands, and passing under the slates and grits of CefV)-7-C^pel, it 
again rises in three masses in the clifb of Gallt-f-gogo, or GaUt-yr-ogof, two miles 

• 78 &B. and 75 H^B. 
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iroifc of CKptl Corig. These ate n^ed over in a bold aatidinal, about two 
ndka wide, and farm the shaip peak of Y^Tryhn^ where, on the eastern cliff, a 
good ^e oan eaoQy detect, from the vdSkj below, three beds of felspathic por- 
phyij mtenlntified whh sUite, dipping west at an angle of about 6(F. Two 
great npriyht stones, placed bynatare, stand on the top of tiie Tnoantain. The 
eastern ehff, which is not easilj aooessibley is base, and largely jointed, and 
the west slope, besides being steep, is cumbered with iimnense masses of 
stone, whicfa,^^led on each ottier, render tiie aseent somewhat difficult, except 
to accnstomea mountaineers. Fossififoous grits (No. 2) underlie tins, and m 
the midst of them there is a bed of felspathic potphyiy, marked No. 1. T« 
Glyder-frtdi is a continuation of the felstones of T-TVjmui, as shown on the map. 
It is peculiarly rough and craggy, and the weary baxien slopes that sweep 
round abore Pen-y-grwryd are ooTered with huge blocks of felspinhic porphyiy, 
tufted with moss and heath, n&ere the trap and o^eriying ^its, pwtly ashy 
and breedated, dip W.S.W. and south-east, curnng round in an oval form to 
join the same rocks on (SaDt-y-gogo (or Grallt-Tr-ogof), and the whole lie about 
400 feet below the igneous roclu of Snowoon, afterwards to be described 
(pp. 106 and 111, figs. 29 and 30). 

From €raIlt-y-gogo the same felspathic band strikes north about eight miles, 
passing through &e lakes of Fiynnon liugwy, MefynHyn, and Uyn-dulyn. 
Beyona Pant-fflas, four and a luuf miles E.S.E. of Aber, it is thrown, along 
with other rocks, to the north-west in a succession of blocks, by seven fkults 
that lie between the lianbedr and Aber &ult and the neighbourhood of Gon« 
way. Here also a great lower mass of fdstone porphyiy extends between 
Conway mountain and the cams of Y-Drosgl north of Y-Foel-frfts. (See Maps.) 

If on tiie opponte side of the anticlinal l^d we trace the rocks oiP Y-Tiyfen 
northward, we shall find that the two higher beds of its felstone strike through 
Ffynnon-T-Iloer to the top of Camedd Dafydd, where they curve round to we 
south with an eastern dip, and entirdv thin away on the rugged slope of Grau^* 
yr-hysfii above Nant Franoon. In uie midst of the anticlinal (which may be 
likened to a dome) there is a lower oval-shaped line of felspathic rock with a 
quaouaversal dip. Grits underlie and slates overlie it. Amid these, on the 
nortn, is a short oed of felstone passing into the hill in tiie form of tiie letter V 
reversed. Both of these, passing beneath the grits west of Fiynnon Lhigwy, 
rise again along the east siae of Camedd Llewelyn. The higher strikes north 
for amrat tiiree miles ; the lower is cut off by the greenstone of Cefn-yr-Airyg. 
In the opposite direction, partly broken by faults, they curve along the north 
side of (ytfuedd Dafydd, tnen striking southwards through Craig-^-hysfil they 
reach Nant Franoon, less than half amile below the bridm. It wiU be observed 
that this curve forms the northern spoon-shaped end ora synclinal axis, which 
bends upwards to the east and west oetween Cwm-Tiyfen and Nant F^ranoon,* 
and it is worthy of remark that none of these minor beds, and oi^ a trifling 
r ep rese nt ative of the immensely thick interbedded porphyries of Y-liyfen and 
Y-g^yder-fech (diagram 26) come up with the wta teru , rise of the synclinal 
curve on the Llanberis side of Nant Francon, so that about 1,600 feet of 
these Iftvaa thin awajr in little more than a nule between the east end of LJyn 
Offwen and the baiuu of the river a little below the Falls. 

Fossiliferous grits and slates both overiie and underiie the felstones of 
Y-Tryfen and Gallt-y-gogo (Figs. 25 and 26) throughout all their range from 
tiie upper part of uie Fass of Llanberis to the neighbourhood of Conway. 
From tne Pass the higher grits and slates rmlariy accompany the felstone of 
Grallt-y-Gogo in its northern strike. On Cefo-y-Capel these are prindpally 
aieoaoeous slates, except one marked bed of grit near the base. Nortn of Cwm- 
tal-y-braich, they gradually become more san(fy,t and on the hills west and 
north of Clogwyn, near Llyn Eigiau, they resolve themselves into several dis- 
tinct bands of slate and gri^ containing numerous casts of ordinaiy Bala fossils. 
West of Y-Tirfan, on eith^ side of Llvn Ogwen, the same beds are also fos- 
siliferous. The lower grittv beds of the anticlinal curve are well exposed, 
sweeping round the top of tne valleys in magnificent terraces, underneath the 

* The continiuition of this gyacllxial line forms the basin in which Snowdon lies, 
described at p. 109. 
t Two and a half miles west of Capel Cong. 
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fbktones of Gallt-y*gogo, Y»glTder-{ach» and Y'Tryhn, At the veiy bas^ 
dose by the old road between tne fiutOB of Wem-go-isaf and Wem-go-uchaf, 
the flattened centre of the anticlinal may be seen rolling over to the east and 
west {Fig. 26). 

The foUowing fossils were collected from these strata by Mr. Salter : — 5^0110- 
porc fibroid, Comulites serpuktrius, Rhffnchanella serrata, a small Lingular and 
modiolopsis. 

Capel Curig, — East of the long lines of felstones, slates, and sandstones that 
strike from Grallt-y-gogo towards Conwav, there lies between Llyn Cawlyd» 
Llyn Eigiau, and the river Conway, a slaty country, with greenstones and 
interbedded felspathic rocks, the relation of which to the other rocks I shall 
now briefly describe. 

North of the Holyhead road between Bettws-y-Coed and Capel Curig there 
is a broken rocky escarpment, foimed oC interstratifications of felspathic rocks 
and slates. "With minor midulations the general strike of these is east and 
west as ftor as the hills that overlook Capel Curig, where they suddenly bend 
round and strike north to Llvn Cawiyd* m a bold picturesque ridge. Between 
Bettws-y-Coed and Llanbedr on the left bank of the Conwy there is another 
high escarpment formed (in. general terms) of the same set of rocks. The 
intervening space between the Conwv and liyn Cawlyd thus consists of a kind 
of undulating tableland intersected by valleys and hJces, rarely visited by the 
tourist, some of which are mere reedy pools, and others, such as Llvn Geirionydd 
and Llyn Crafnant, are of larger size, and possess a pastoral beauty almost 
peculiar to themselves in Wales. Above the porphyry that endrcles Llyniau- 
Mymbyr the ascending section north-east of Capel Curig is as follows : — First, 
certain slaty beds that contain a short thick band of conglomeratic ash, which 
forms a little rocky hill dose to the road nearlv opposite tne turnpike gate* and 
strikes northwards about half a mile, when the ash disappears. Eastward of 
this as far as Clogwyn-manod there are four or five oeds of interbedded 
felspathic ashes, the highest of which forms a httle outlier, and consists of 
felspathic matter mingled with the ordinary mud of the period. 

The section between GaUt-y-gogo and the rocks of this ridge is as follows, 
Gallt-v-gogo itsdf being formed of the equivalent of the felstone rocks that 
encircle the lakes of Ca^ Curig. 

Fig, 26. 

Section between Capel Curio and Gallt-v-gogo. 
W. R 



Gallt*y-ooqo. 
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Cafbl Cubiq and Lltn Cawtid. 




3. Three beds of felspathic porphyry overlying fiDSsiliferoiis grits, and inter- 

stratified with slate. 

4. Slate and grit of Cefh-y-Capel, fossiliferoos. 

g. Greenstone intruded between the beds of slate, whidi are changed into 
porcelanite both above and beiavr. 

5. Bedded felspathic traps, and 

6. Ashes interstratified with slated. 

Further north the same rocks on the slope above Llyn Cawlyd present a 
similar arrangement, and the same may be said of the rocks between Llyn 
Bodgynwvdd, Llyn Goddion-duon, and the Holyhead road, about half-way 
towards ISettws-y-Coed. By inspecting the iprger map (78 S.E.) i» will be 
seen that some of the beds of felspathic rock in this district thin out in lenti- 
cular forms, being not more than half a mile in length. 

The topmost igneous bed by Llvn Goddion-duon immediately above the 
Holyhead road is the equivalent of the outlier of Clogwyn Manod. Its charao- 
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ier 18 peculiar, cojuaatinf^ of a da^rk blue or black alaiy base oontaining nnme- 
roas scattered cryatalB of yellow felapar, which gradually increase in quantity 
aa we follow the bed till at last the slaty impuntieB entirely disappear, and north 
of Urn Bodgynwydd it becomes an ordinary felspathic ash. East and north 
of this lake it widens, capping the whole summit of Pen-uchaf-y-gwaith, from 
whence striking northiwardSy it is lost under the alluvium of the Conwy at 
Ysgubor-gerig about half a mile south of Trefiiw. An outlier of the same 
rocks skirts £e woods of Oyn-y-parc on the west, and a north and south fault, 
that strikes along Nant-Gwydir and the lake, throws down a higher part of the 
Bala beds against the ash and interstratified slates. 
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6. Ash and slate. 

7. Bala beds abore the eqaxralents of the Bala limestone. 

In many parts of its range south of Trefriw the ash is highly porphyritic, 
distinct, imperfect, or broken crystals of febipar being embedded in a base, 
which weathers brown at the snrtace. At Cwm-lanenm about two and a half 
miles sonUi of Llanrwst these higher Bala rocks are fiill of Trimuileua amcei^ 
triemM, Lqrt^tna gerieea, and other common Bala fossils. 

On the opposite side of the synclinal, west of Llanrhwchwyn, the same ash 
bed skirts Llyn Geirionydd, striking north about a mile beyond Bedd Taliesin, 
and from thence, with many branchings, it curves round and thins out about a 
quarter of a mile north-east of the efflux of Llyn Cawlyd. The whole country 
IS full of injected greenstones, which, without narrow inspection, nii^t be 
supposed to be interbedded in the same manner as the felstones. This is 
especially the case on the hill that overhangs Llyn Cawlyd, where bands of 
slate, fdstone ashes^ and greenstone alternate with great rc^^ularity; but on 
close inspection it is found that these greenstones here and there branch in 
dyke>like fashion into various horizons, and also that whereas the slates are 
OTiite unch&nged when only associated with felspathic ashes, in contact with 
toe greenstones they assume a porodanic texture both above and below the 
injected rock. Tnese poroelanites weather white, like the felspathic rocks, and 
I found it no easy matter to separate the two while mapping the country 
between Pen-uchaf-y-Gwaith, Llvn Cawlyd, and Capel Curig. 'fbe same may 
be said of the country east of Llyn Eigiau, mapped by Mr. Aveline, and these 
facts, added to the contortion of the beds ana tiie incessant appearance and 
disappearance of felspathic interstratifications, rendered this country peculiarly • 
tedious and difficult to unraveL 

Camedd lAewelyn, the Vale of Conwy, Sfc, — North of Trefriw the same bed 
of volcanic ashes that dips under the sUuvium of Ysgubor-gerig, reappears on 
the left bsnk of the Conwy between the fourth milestone and Uanbedr, and 
fonxM all the high ground for about a mile in width from Pen-'r-arddu and 
Gallt-y-rhiw to Pen-y-gaer and Llanbedr, where it is cut off by two faults, 
downthrows, on the south-west and south-east. 

The whole in places becomes a porphyritic conglomerate or breccia, frag- 
ments of felspathic lava bein^ embedded in a porphvritic felspathic base. 
Some of its beds are finer gnuned and of a dark hue, decomposing brown at 
the surface, while others are of a light grev tint, when the rock is freshly frac- 
tured. At its southern end it is faulted, and abuts against a solid bed of 
pinldsh'^white felspathic porphyry. 

About three miles, by the map, east of the Penrhyn slate quarries there is a steep 
conical slaty hill called Yr-£len. A section drawn east from this hill through 
Llyn Eigiau, and over Pen-r-arddu to the river Conwy, gives the same genml 
amngement of beds as that immediately east and north of Capel Curig. 
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OmomU Uftorwrt two fimtts ooaksoe and pass op the Tale of Conwj undsr 
the swTiiini to Usnbedr, near which tiie f salt hranches in seroal dinctions, 
one biandi passing towards Gonwi^ hy Y-Ro, another towsvds Penmaen Mawr, 
sndatiurdto Aher. A fourth finitt ioins it at Pen-f -gallt near LJanhedr, and 
stiiking soo^west hj Yr-Ekn, Llanberis, and I JanfihangeU*y»pennant, is lost 
in Gaidiganbaj near Criodeth. It cots aeroas the interbedded fdspathio trap 
of Camedd Llewdyn and grit (No. 2, 3, fiff. 28) between Y-Foel-Ms and 
Llyn Dnlyn, throwing them atightly down in me sooth. Beyond this disloca- 
tion tiiese rocks still strike to uie northwards, dipping esstcri^ at angles fiom 
5(f to €ff. At the njipar part of Af on Ro they are afEsetod if tiie Aber and 
^Amnh^Ar finlt* whidi is there a downthrow, on the north ; and bet w een this 
and Conway the oonrse of the same bed of £dspathie poiphpy and over- 
fbsflilifaoas grits is distorbed by ten fimttsy eadi in soocession throiring 
a little farther to the north-west. 
The grits are overlaid also by beds of fdspathie ashes aceo mpani ed by name- 
loos bands of greenstones, intmded more or leas in the line of strike. The 
whcde, as near as may be, form the eqoiTalentB of similar rocks that, sooth of 
Uanbedr, lie b etw ee n the Conwy and the east slope of Gamedd liewdlyn, and 
Gallt-y-gogo two miles west of Clapel Corig. 

Commay. — North of Conway, interstratified with slates, these rocks rest 
on the fBLBjMithio mass of Conway moontsin, dipping sooth at angles of 
about 60". In tiie estnaiy they are cot off by a firalt w&tAk is a downwow on 
the east, and on the west they are thrown by another dislocation against the 
tri^> of Penmaen-badi and Dinas. Another nnlt cots off thegritsonthe sooth, 
throwing down higher beds against them, which are cslcareoos, and contain 
many of the ordiiurr Bala limestone fossils, osoaDy in a fagmentaiy state. 
Conway Castle is bmlt on one of these beds, dipping sooth at an angle of 6(f , 
and tiie same grits oocor on the opposite bank of the estoary, near the trap of 
Diganwy and east of Bryn-y-GosoL It is there of a dark bloeish gr^ noe, 
cslcareoos, and slightly conglomflratic, containing nomsrons rings of Enermiies 
and cssts of Ortkig, 

These rocks lie amid black slates, and are moch contorted and altogether 
boonded by ianlts. They are probably equivalent to some of the higher strata 
between Trefriw and Llvn Geiiioi^da and ai the Bab limestone, ^lie whole 
are much obscured by drift ; and north of Conway they are overiapped by the 
Carboniferous limestone which on Great Ormes Head creeps across the strike, 
and passii^ underneath the sea to Anglesea, at the entrance of the Menai 
Straits, it lies on Silurian strata much Ixmeath the rocks nesr Conwiiv. 

PeaauieiMnawr, /ffc. — West and south-west of Conway there are three great 
masses of fdspathie porphyry, forming the shingly heights of Penmaen-bach, 
Pemnaen-mawr, and Dmas. The rode is of a Diueish grey tint, and diiefly 
consists of small felspar crystals, occasionally associated with a veiy small pro- 
portion of hornblende. Where risible, the black Silurian slates in oontcct with 
them sre mudi sltered ; and though the Ibnn of the groond seems to indicate 
tiiat the rock of Penmaen-mawr rests opon the slate with a northon dip, yet 
the massive and crystsline character of the rocks of the three heights nsz^d 
above, and thdr boss-like forms, shows that th^ are introsiye "i^fipa^ and not 
intertiedded fdspathie lava-flows. 

Between Penmaen-badi and Y-Drosgl, about 3 miles east of Aber, a broad 
tiiick sheet of felspathic porphyry ovenies the slate in which these introsive 
"^•^■^ lie. OocupTing a given horizon, and being both underlaid and overlaid 
by contouous bands of sute, with which it dips east and south-east, there can 
be little doubt of its troe interbedded character. On the south it is cot off bv 
the Aber and Uanbedr £Kilt, and abots on the massive porphyry of Y-Foel- 
fir&B, with iriiich it is not unlikdy that it may have bem originauv connected 
— the sreat boss forming an onderground volcanic centre, and the inter- 
bedded lock bduff one of the lava beds that proceeded from it. Of the 
intrusive nature of the porphyry of .Y-Fod-Ms there can be no doubt, for 
wherever slates are seen in contact with its unfkulted boundary thef sre hiflrhiv 
altered. At tiie csscade above Aber, this porphyry forms the rock over which 
the water ftlls. Close to this point the strata liave been chang^ to a kind of 
qnartsite, and in other places near they have been bak^ into porcdanite. Re- 
ceding from the trap, they rapidly pass into common slate. The stratiflcation 
at this point is obscure, but it seems probd)le that bedding and cleavage 
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coincide, being neariy votictl, or dippiiVK sometimes towwda and sometimes 

from the porpbjrj' kt angles of ftma 80^ to 85°. The igneous rock rises 
ttuough like a wtH on its north-west boundarj. At ita edges it is often 
fine-gr»ined and weathen rellow, and it appears not unlikeljr tut tlun ma; be 

due to the circumstance that some at the melted mass majr acto^y consist 
of ^ed Silurian strata ; for highlj- 

altered slates are often almost indis- it % '^ S] ui ''' 

tinguishable, even when fractured, from * * I » S 5 . * 

compact felstonea. Bejond this yellow a a TSJ.-'^.S'S 

band the rock assmn^ something of ^- } Sl^ g S 

the character of a greenstone, crjatals ^ | ■ti^b^'S 

of felspar and hornblende being in- ^1 ^S'^b-s^ 

tenningled, although the former gene- S \ jiaSiS'"*' 

rally much predominate. Further in still, C £ S'EiE'a'g^ 

the great mass may be described as a jj -§ u, .So 

felspar porphyry, numerous well-defined CO | .S ° [s "9 „ 

crvBtals of felspar being embedded in a x. '^o™^^ 

felapathio base sparingfr assodated with " "S v o'STi 

hornblende. In seveMl places, howerer, ii n^ 'IS-^ 

it becomes a true bomblendic green- S o'^'^' J*!* 

stone, and all the varieties pass gra- % . ^-aSbs 

duaUy into each other. p ^ | % I*-! » KrS 

EquivaUnU of the Bala Lime- 5 5 j | g" 8. 

ittme.l^c. iS I |.s^ 

I have stated that the beds west *• "^vvg 

of the Denbighshire sandstone ° "IS 

between Capel-Curig, Bettw8-y- gj * -^£"1 

Coed, and Conway, are the true ^3 O g= S ^ 

equivalents of the beds imme- ^ f^ '^. 2*3 

diately associated with the Bala t J ^^'o 

limestone, and that some of them S ^b S 

represent that limestone itself. q IJ^*^ 

Taeabsoluteproofisnafollows: — ■ x 'o q'8 J 

Itha8beensbown(pp.98toI00) S _ P° r'% 

thatthecalcareousashoftbeTalley * i °'i'^^"*'"a^ 

of Doiwyddelan is the equivalent g J ■Sa'^ljl'il 

of the Bala limestone, and its ^ ^ nj^'^jq- 

position with reference to tho 3 a ■^>. 1(£J 

fossiliferouB grits and interbedded n "^C'^^ "'^'M 

felspathic trap around Llynian- h "o . --" £" 

Mj^mbyr near Capel-Curig is ex- 5 "liSeJSS 

plMued in Diagrams Noa. 23 and ■ "§ -^ •=£ 

24." But the Llyniau-Mymbyr § Si I *^fe* 

porphyry being equivalent to that % 2 ' I ^ g =1 

of GaUtr-j-gogo, and the great ?-. J f I "^ 

bed that runs tram thence to- ^ g, | « J J 

wards Conway, it is evident from s ,s'- ^'^ ,.g 

a consideration of Diagrams Noa. "" vi .a, I'S^w 
25 and 26 that the aahea and - '^ . Still 



■ Also lbs Sheet of Horizontal Sections, Sheet 31, line 3. 
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fllates north of ihe rood between Capel-Curig and Bettws-y^Coed 
bear the same relation to it that the Dolwyddebm calcareous and 
fekpaihic ash does to the trap of Llyniau-Mymbyr. Further, if 
we construct a section fran Dolwyddekn north-east to Glyn- 
Lfledr^ and from thence north to Pen-nchaf-y-gwaith, a mile south 
of Llanihwchwyn, near IJanrwst, the arrangement of ihe rocks is 
as shown in fig. 29. 

A gbnoe at the map shows that the same part of the Bala beds 
is oontinnoaB from thence along the leffc bai^ of the Conway to 
die month of that rirer, as a&eady described ; and at Conway 
itself, in the Teiy same pootion with r^ard to the traps and grits 
of Conway nMrnntain^ there occnrs the cakareous fosaltferous grit, 
whidi lies in the place of the Bala Limestone, and I beUere is its 
absolute eqniTalent 



CHAPTER XVn. 

The Skowdok Area and Moel Heboo. 

General Deseripiiatu — The felstones and ashes of the Snowdon 
area form the most important members of the igneous series of 
Caernarvonshire. Indeed, the grandest part of this country, 
both as r^ards the scale of tiie igneous phenomena, and the 
consequent magnificence of its scenery, is owing to the hard 
and soft layers concentricaHy interbedded in a great trough 
diown in the easterly dips ot the slates, grits, and traps on me 
flanks of Moel-Hebog, Snowdon, Y-Gram, and Camedd-Dafy dd ; 
wUle the opposite inclination of the rocks on the summit of 
Y-Glyder-fawr, Y-Tryfiem, and part of Camedd-Dafydd, forms 
the eastern side of the basin. This trough contains within 
itself several smaller undulations, and the highest of its beds 
is on the parallel of the Bala limestone, and the whole area 
forms an inner part of a much greater synclinal curve shown 
in the general south-easteilv dip of the Cambrian and Lower 
Silurian strata north-west of Camedd-Llewelyn, Snowdon, and 
Mod-Hebe^, and in the average north-westerly inclination of 
the strata of the Moelwyn range and the Cambrian beds below. 
Between Llyn-Ogwen and the Manods, indeed, the nmple form 
of the basin is in a manner lost in the subsidiary undulations 
of Dolwyddelan, Nant-^-Gwyrd, and Cwm-Try&n, but on a 
large scale it exists. The whole countir may be ISkened to a 
crumpled sheet of piqper, to the folds of wnich a general but irre-^ 
golar direction has been given, and in which some of the larger 
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trough-Bhaped bends are interfered with, and die out, in oonae- 
quence of the appearanoe of other anticlinal and Bynclinal curves. 

By carefdlly considering these curyesi the identity of the Snow* 
don rocks with those of Dolwyddelan is proved* thus directly 
linking both to the horizon of the fiala limestonep The following 
is the proof :— 

Snowdan and Dolwyddelan. — It has been already stated* that fos- 
siliferons grits rise on the south and north firom under the felstones 
of Dolwyddelan. At the west end of the valley the same strata rise 
from under the porphyry of Yr-Arddu, and rolling over to the weet 
plunge at angles of from 10"* to 25^ beneath the fidspathio porphyry 
of Cerrig-Coohion and Cribiau, east of Llyn-Ghrynant The grits 
and overlying felspathic rocks are therefore equivalents. But a 
glance at the map and the following diagram, Ho. 80* will show 
that the felstones of Cerrig-Coduon and Cribiau form part of 
that mass which drcles round and constitutes a great proportion 
of Snowdon, and that it is overlaid by calcareous and felspathic 
ashes. These ashes therefore stratiCTaphically bear the same 
relation to the Snowdon and Cerrig-Cochion felstones that the 
calcareous ashes of Dolwyddelan do to the underlying porphyry 
there, and the rocks of ]3olwyddelan form therefore an outiier 
of the larger mass of Snowdon and Nant-Gwynant A line of 
section drawn from the Dolwyddelan basin across Llyn-Gwynant, 
and from thence to the top of Snowdon* gives an ^arrangement 
of the rocks as shown in fig. 30. 

On the south-east the ash No. 6 consists of '' a greyish green 
*^ or green and white spotted rock* very calcareous* and decom- 
^^ posmff into a soft brown earthy substance similar to an ashy bed 
*' that m places accompanies the Bala limestone :"! or* not unlike 
the limestone itself* where it is occasionally somewhat mixed with 
volcanic substances. At the west end of the valley it lies on the 
mass of felspathic porphyry (5)* which contains well-K)nned separate 
crystals of white felspar* and forms the hill of Yr- Arddu. Beds of 
fossUiferous greenish grey grits a^d slates rise (4) from under it* 
which, rolling ,over to the north-west again* dip under the slaggy- 
looking felspathic trap of Cerig-Cochion (5)* the weathered sur- 
faces of which show beautifully contorted lines of the kind described 
at p. 123. West of Cerig-Cochion and Cribiau the ash (6) dips 
downwards into the valley of Nant-Gwynant* and rising on the 
flank of Snowdon it rolls across Cwm-Liydaw in a denuded anti- 
clinal curve, and is caught again on the peak of Snowdon above 
die felspathic porphyry (6). On Qullt-y-wenallt an upper fel- 
stone c (which wilt be subsequentlv described) just tips tke ashy 
rocks* and both ash and lower porpnyrr gradually thicken between 
Dolwyddelan and Snowdon* Beneath the porphyry at Cwm-y- 
Clop^yn coarse grey grits (4) rise to the sui&ce, the general 
equivalents of those between x r-Arddu and Cerig-Cochion. A 
line of greenstone ff pierces the rocks in Cwm-y-Cfogwyn. 

* F^ OS to 100. t A. B. Selwyn, H& 
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The above diagram clearly shows that the ashes, porphyry, and 
grits of Dolwyddelan and Snowdon are the same, and the 
calcareous ash of Dolwyddelan being the equivalent of the Bala 
limestone,* the ashes of Snowdon also belong to the same 

feological horizon, while the rocks both of Snowdon and 
>olwyddelan collectively are the general equivalents of the com- 
plicated interstratificalions of slates and igneous rocks that run 
from the Capel-Curig and Bettws-y-Coed to Conway.f 

Snowdon and Nant Gwynant. — Before describing the underlying rocks in 
detail, I shall give an aocoimt of the general lithological characters of the 
ashes on and around Snowdon. As a whole, they are well stratified, and in 
many respects resemble those that underlie the older prophyries of Aran 
Mowddwy and Cader Idris. 

It should be understood that it is not implied that ftom top to bottom tiiqr 
are formed of good typical volcanic ash or tuffa. On Snowdon they are partly 
less so than the more ancient ashes of Cader Idris and Aran Mowddwy. Some- 
times th^ seem pure, and sometimes intermixed with eveiy possible per- 
centage of other sediments, muddy, sandy, and calcareous. Sometimes they 
are scoriaceous, rough, and stony, and sometimes as smooth and compact as 
the most close-grained felspathic trap, having been formed by the consohdation 
of felspathic dust, blown out from the same volcanic sources that yielded the 
felspatnio lavas. In other cases crystals of felspar are embedded in a febpathic 
base, forming a stratified porphyry. Where ordinary sedimentary matter pre- 
dominates they are apt to oe fossiuferous, and contain Bala species. To separate 
each variety accordii^ to its kind would perhaps be impossible on any s^e of 
map, for not only are the^y interstratified m eveiy possible variety, but they also 
merge into each other in the strike in the most capricious manner. It was as 
much as could be done on a one-inch scale to inaicate the whole mass in the 
manner shown, on which the Lower Silurian base serves to mark its stratified 
origin, and the dottings of red, yellow, and blue represent its ashy, sandy, and 
calcareous intermixtures. Over considerable areas the mode of colouring 
might with equal propriety be reversed, and adopting red for a base, dots of 
purple, blue, and yellow might be placed on it to indicate other substances 
mingled with the purer felspathic ash ; but, on the whole, the ordinary sediment 
predominating, the Silurian colour has been chosen as a base. 

Between Tranadoc and Llyn Ogwen the ashes occur in four distinct patches, 
all formed of equivalent strata. One of these lies between Beddgelert and 
Llyn-y-Ddinas on the southern side of the river. On the east it is partly 
&ulted agunst the Bala beds that underlie the fehtone on which it rests. 
Another, lying partly in Nant-Gwynant, occupies an irregularly triangular 
trough, the narrower end of which occupies the hills that approach Llyn-y- 
Ddinas, while the broad end stretches east and west between Cfribiau and liyn 
Llydaw on the eastern flanks of Snowdon (fig. ^). A third lies on the summit 
of Mod Hebog; and the fourth forms the peak of Snowdon (figs. dO and 31), 
and stretches east aloi^r Crib-goch and north to TwU-du above Llyn Idwal. 

The rocks of Nant-Gwynant and Beddgelert possess forms of such extreme 
irregularity that I must refer to the map for their outline. They are contorted 
and faulted, some of the fractures being copper lodes, which have not generally 
been worked to much profit. At Llyn Gwynant the ashy beds and undulating 
felspathic trap dip north-west, and then rise in an opposite direction. The 
ash is well seen on the road for about a mile and a half north-east of the lake. 
Its bottom beds are there shaley, and contain a nodular felspathic band, above 
which are greenish, grey, and brown calcareous and sandy beds, on which there 
rests a brown calcareous breccia and conglomerate. 

The following typical descriptions of Sie same rocks on the opposite side of 
the valley are partly derived from the note books of Mr. Selvin^n. On the 
west shore of Llyn Gwynant '* the beds dip north-west 45*' to 5(f , and are 



Su p. 100. t See pp. 104 to 107. 
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" formed of Boft KraeniBh calcareous Mh, which decomposes into a dark-brawn 
" earthf rock. On the map, 260 jrards north of the Y of Gwynant, they con- 
" Bist of a hard grey calcaieous rock, which weathers like tiieBala limesloue" 
in rough irregular cavernous lines. " This again becomes a soft grittyash, 
" with nodules and angular fiagments of ((ood crjstalline limestone. Theee 
" beds are somewhst similar to some of those near the top of Soowdon. A 
" little further westward, on Gallt-v-wenallt, there is a felspathic breccia and 
" vesicular ash, the vesicles b»ng flUed with carbonate of lime." This is the 
same brecria that we find on the east side of Nant-Gwynant, but between Llyn 
Gwynant and Gallt-y-wenallt it has beoome much harder and more felspathic, 
large blocks of felspathic porphyiy being imbedded in a hard felspathic base. 
Between Lljn Gwjnant and Lljo Llfdaw the beds lie in an inclined synclinal 
curve in the nuumer shown in the diagram, fig. 31, where No. 6 represents 
the beds of brecciated scoriaceous ashes, and 5 the underljing slaggy-looking 
felspathic porphyry. The ashes and felspathic trap then roll across the valley 
to Crib-goch (above the Pass of Llanbens), where the ash is capped by several 
outlying patches of columnar felstone c. 

The Snest sectiou of the ashes anywhen in Caernarvonshire is seen in tbe 
dark and lofty cliSs of Lbwedd that overhang Llyn Llydaw . There tfa^ 
consist of greenish grey calcareous beds, mingled with occasional felspathic 
breccias and conglomerates. They are sometimes fossiliferous, and the precise 
equivalents of tlie ashy rocks that form the peak of Snowdon* (Gg. SO) and 
part of the serrated ridge of Crib-goch. On the crest of Lliwedd, two small 
isolated patches of compact blue felstone, equivalent to those of Crib-goch 
(fig. 31], rest on the beds of ash in the manner shown in the accompanying 
diagram by Mr. Selwyn. 

Fv,.32. 



1. Felspathia po^hyij. 

2. Tolcanic nArti of varkms HftH* 

3. Compact blue felspathic trap. 

The curves of these rocks are well seen ftom the miner's path on the north 
nde of Cwm Djli, and with a favourable light a good eve can easily foUow the 
flowing sweep of the massive beds, and the outliers that rest on them and 

iiartake of their ourvaturss. 'Hiase outliers are equivalents of the upptt 
elstone of Gallt-y-wenallt and Crib-goch (figs. 30 and 31). 

The natural boundaiy between ash and felstone south-west of Llyn Gwvnant 
nearly coincides with the run of the turnpike road as far as Llyn-y-Ddinas, 
south of which the ashes abut on the porphyiyof Moel-y-diniewed andMynydd 
Nant-y-mor, in consequence of a fault which throws them down on the east. 
Part of the section No. 3, pi. 2B, crosses the road about half-way between 
Llyn-j-Ddinas and Pen-y-bryn.t Immediately we»t of the road to Hafod-y- 
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llmn-iMf, a triangular patch of the andcrlTing parphjrj apMan at the aurface. 
It ia bounded bf aab, and entiielj encloaad bj anlt*, which an leapeetivelf 
dawntfannrg on the aontb, eaat, and noith-wcat. Their throw U nnoertsin, bat 
if tlietoap be of abont the aamc thiekneaa that it ia on Smnrdon, and if where 
the aecbon OMMei little beuka the aahr beda have been denuded from ita 
cor&ee, tim tiie eaatvn downtiuov mav amoimt to 600 or eren 800 feet. 
'Hut on tfa« north'wert ia more ronaikaUe, for rertioal beda of ub stand on 
and npon the pOTpbjrr cast of Hsfod-j-Uan-adiaf. {Sm aeetion No. 3, 
pL28). On the waat ute underlfing porphyry riaea nrtically, and imme- 
diatefy after, balding to the noKh^wut, it awieepa along Cwm-f -llan tonrda 
the peak of Snowdon. The diajMaition of the rocka, aa drawn in tiu aectioa 
and in the lUlowing diagram, may appear improbable to tboae nnaecnitomed 

Fiff.33. 




■i. Foaaniftroua grfM. 

5. Felapathic porpIiTTy. 

6. Fclq«thic tilui, caleareoaa. 

__ .__ , podtiona into whidi rocks have often been thrown in 

b^ilj dUtnrbed districts ; uid at first it ia difficult to understand how the 
town edflca of the rerticat strata sbonld abut on the &nlted edge of the por> 
j^jij, midi in ita natnral pontion abonld lie honionial^ nndcr the ash. 
nie origin of this arrangement may be explained aa foDowa. 

8iiii[mae the maaaea c^ rock to fa«re betoi curved in the mannv ihown ia tba 
taOowmg £agi9m; — 

fig. 34. 



Let 5 npreaent the pafphyrr, and G the ashy beda ; then in the line of the 
frab/trappOMd to mtMent ilie Nant Gwynuit findt) let the beds be thnnm 
down Aout 600 « 800 feet on the nde marked S.8.E., and let diose on the 
N.M.W. aide alip down about 1.800 feet along the line F (the Bafod-y-Dan- 
adMf boH), the iHult would be that aonie of the beda of the ^ij roeka woold 
mt on their ends cm the potph7iy No. 6, and this would be the ease we a t h er 

h2 
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tlie fkults were fonned in cotuequeuce of the bending of the rocks or after the 
curvatuicA hod been effteted. Then the whole ^ng denuded, the rocki 
Msumed thur eristing surface umngement. 

Between the Terttcal rocks at H^d-y-Uan-uchsf and the top of Snowdon 
oert^ broad curves "gjin bring in the Mhes where the peak of Pen Wyddfe* 
shoots into the air. The dotted lines in pisto No. 28, section 3, show the de- 
nudation that these beds have snffered over part of this area, so aa to sepwate 
the ash of Snowdon and Nant Gimiant. It is probable also that the^ were once 
covered bf a great thickness of Bala beds higher in the series. lae trough- 
like curve is well shown in the section, in spite of the fault that on the west 
of Snowdon causes the ash to abut against the porphyir in the neighbourhood 
of Llvn-du'r-Arddu, and the still njore serious breaks that lie between Cynicht 
and the peak of Snowdon, The highest peA in Wales thus Ilea in the centae 
of an irregular trough, the sides of which iiave been broken bj faults, and vast 
masses of the strata have everywhere been removed by denudation. 

From the top of Snowdon the ash extends midw^ down the crags to the 
hdghts between LlynTeyrn and the top of the Pass of Llanberis. From thence, 
much faulted, its lower boundary sweeps along the rock^ ground between Crib- 
ooch and the Pass not lar below the pools that he m the upland vsUey of 
Cwm-glas, and passng along the eastern and southern sides of Cwm-glas-bach, 
it strikes across the v^ey less than a quarter of a mile above the turnpike gate. 
Prom thence it skirts the west side of Esgair-felen to Twll-du (above Lljn 
Idwal), where it curves round to the south-west, and crossing the road near 
Cwm Patric, trends by Llechog to Llyn-du'r-Arddu, near which the ashes are 
crossed by the section.! 

On the south side of Crib-goch, the strata are partly composed of dark 
brown ashes and volcanic sand or of slaggy-lookmg lapiUi mingled with 
BCoriaceouB fragments. Above Llyn Llydaw it is often highly calcareous and 
irr^idar];r bedded, thes6 qualities inducing a rough cavernous outline in the 
decomposing outcrop of the beds. 

The sandy and calcareous character of some of these beds is espedally marked 
to the westward of Peny-lan, between Llyn Teym and Gorphwyafc. It there 
decomposes into a brown earthy soil, like that near the north end of Llyn 
Git^ant, and the area of this variety is easily distinguishable by the freshneas 
of Its verdure. Characteristic sections occur on the north side of Crib-goch, 
almost equal to those that overhang Cwm Dyh. 

In Cwm-glas the same kind of phenomena are well shown. Below the pools 
in that valley there ia a steep descent formed of felspathic porphyry and green- 
stone, overlooking the Pass of Llanberis. The ashy lines (which may be 
followed by the eve even from the bottom of the Paas) crown this cliff, curving 
in sweeping unaulations, and being often bare of vegetation, the brown 
weathered edges of the strata are strongly apiurent.]; 
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They are highly fossiliferous, yidding nnmeroiu cute of a hogo-iibbed 



Four triangular patchea of fdgpaihic porphyry overlie the ashes on Crib- 
godi. Three of these form the greater [Mirt of the crest of the ridge, and the 
foorth lies on its sooth slope. All of them occupy the same geolog£al position 
as the patdies of Lliwedd (fig. 32) and Gallt-y-wenallt, already mentioned, tiie 
vdiole having originally bdonffed to one broad mass that sivead itself above 
the ashes, at least as far as Mod Hebog. On Crib-goch, two oi them are 
eadi neai^ half a mile in length, and the third, which hes between the others, 
is so small that it is scarcely distingnishable on tiie ma.p. Hiey lie in their 
present positions partly by the curvature of the strata and partly by complicated 
fiuilts (6a, 31), which, in two instances, bring in juxtaposition the porpl^es 
that lie nbove and bdow the ashes, once north of Ulas4yn by an east and west 
fiuilt, and again, by a north and south dislocation, at the east end of Crib- 
goch. In (Kith cases the throw cannot be less than from 1,000 to 1,200 feet. 

Unlike the sbggy-lboking porphyry that underlies tiie ash, the over^ng 
trap is vezy compact and often columnar. When narrowly examined, the 
columns are not always very symmetrical, being generally four, five, and six 
sided prisms, from 3 to 8 inches in diameter. The rock is fuD of joints, and 
its fresh surCsce is greyish blue. It rings under the hammer, and by disin- 
tegration breaks up with a sharp and flinty fracture, apt to cut the shoes and 
hands of him who scrambles along the serrated ridge or across the steep and 
shingly slopes that surround the sharp peak at the eastern end of Crib-goch. 

In tiiese Cwms, rather than in the more accessible footpaths^ the sections of 
this countrv can be best studied. Accordingly, on the path from Snowdon to 
Uanbcris, tne ashes by no means present thaxudves in tiieir most tjfpical form, 
being more calcareous, slaty, and sandy than ashy in texture, and containing 
here and there numerous fossils. OriiuJIabeUulmm ib plentiful, and in smaller 
quantity O. Aetonut and Latiopsis ttriateUa, The cleaved slaty structure is 
well seen at the summit of the mountain. Passing towards Uyn-du'r-Arddu, 
tiiey become more fdspathic. Between Cwm-y-llan, near the peak, and Llyn 
du'r-Arddu, the ashy beds dip north-westeriy with gentle unaulations at an 
average angle of about 5% which on the dift above the greenstone by LJyn- 
dn'r-Arddu suddenlv increases to 45°. These curves can easily be followed with 
the eye from the path that leads to Capd Curig.^ 

Pan of Uamberis^ TwU-dm, Sjfc. — On the north nde of Snowdon, between 
Cym-las and Cwm-glas-bach, the country ia exceedingly craggy, and the fel- 
spathic porphyiy and ashes so much resemble each other tiiat in mwping it is 
impossible to separate ihem without hammering along every yard 01 the line. 
The same is the case above Glas-lyn. Both adi ana felstone are porphyritic 
and weather grev; but the^ribboned slaggy structure of one, and the bedded 
nature of the oraer, become apparent when rigidly looked for, and above the 
Pass of Uanberis it is found that, after many minor undulations, trap and 
overiying ash dip westerly and rise again in a sharp synclinal curve m tiie 
picturesque cliffs of Llechog. This curve becomes more narrow as it approaches 
the Pass opposite Cwm Patric, but it again widens and curves round in a basin- 
form above L^ Idwal at TwU-du. ISear the bottom of Cwm Patric the ash 
is calcareous, and decomposes into a soft brown sandy earth ; and above TwU- 
du it is chiefly a kind of febpathic slate, accompanied by a rubbly fdspailuc 
vesicular conglomerate, which forms the greater part of the broken ground in 
the upland vallev above TwU-du-t In the more slaty varieties numerous 
fosnls are frmn^ characteristic of the Bala limestone, of which it is the re- 
presentative. The following spedes are from the lists of Mr. Salter, made on 



* The serrated omline shown in the section (Sheet 28, and pL 28, flg. 3) are 
the coDBeqiience of the line on which the section was run across several of the 
minor ravines that nm from the ridge towards Glas-lyn. The consbractioa of 
sneh a section is a matter of considenJile difficulty. Every foot of the line was 
chained, and the angles of the groond taken with the theodolite straight across the 
country, §ome of the gnnmd traversed Inclining at an^es of 40** to 60°. 

t See Pbte No. 2, and 6-inch sections, Sheet 31, line 2, between T-Glyder-fiiwr 
andT-Gara. 
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tiiB ipot ■.•~Caiymene brevieapitata, Cybeie verrucosa, Triraiclau ctmcmtrioa, 
Homaloaoliu bifuleatua, lAchat laxatus, BHlerophon earmatut, Holcpelia, 
lAtuita, OrthocfTOt, TrochiiUtt planorbiforwit, Mwrckttoma teaiarw, Ctenodonta, 
Orthit tltganhda, Leptana deprtaa, Orbieula, TtntatmUtet anmUatta, Hid 
Famuiia fibn»a. 



is B d«8oriptioa, neceMsrily tedious when minuto, of the uhr atnta of 
_-n uid Tnll-du. The isolated patch that extende from Bnuoh-jNpomel 
the summit of Moel Hebos to Moel Lefn reiemble* them. On Moel 



Hebog they he in ui inclined iynclinal trough, u)d consiet of the luual Mndj, 
caloaraouB, and felspathic beda, ib some places, eipeciallT near the baae, bre^ 
ciated or conglometstio, and here foMiliferaus. At MoJ'TTKigof the ulm an 
capped br two outliera of the uune felspathio columnar trap that tip* the uh 
of tliwead and Crib-jiooh. The dispMition of the whole w31 be understood 
by reference to the following Diagram from a drawing by Mr. Selwyn, who 
mapped this part of the country. 

Fig. 3$. 
MoKL-YS-OaoF ON THB North Plank op Mobl Hbbog. 



iliieroi]* grita a 
d Cerrig-Coohii 



oohiou. 
a. relatooe porphyry (Blaggy looking). 

3. Feltpstfaic, brecciated, and caloareoni uh, eqnivaleiit to the ai 

Dolwyddelan, sod ibe Bala limatone. 

4. Upper eolnnmar felijalhio trap. 

5. Qieeiutonp. 



CHAPTER XVUL 
Thb Snowdon Aeea covmrovD. 

Oenerdl Description. — Porphyries. — The Tolcanic ashes described 
in last chapter are underlaid by vast masses of felepathic rocka 
sometimes porphyritic, sometimes scoriaceous loolang, sometimes 
what has been tmned slaggy, the lines of viacous flowing being as 
apparent as in the cooled bWs of an iron furnace. The basa of this 
rock is highly felspatbic, and it often contains email isolated oryBtalfl 
of felapar. Its fredi fracture is blue or grey, and it weathers wmto or 
cream colour. The slates or grits on which the porphyries rest are 
Altered at the lines of contact, generally only foi a few iaohfla. 



NAirr GWTKAKT AHD MO£L HEBOO. 119 

as may be seen at Cribian above Llyniaa-Dawaimedd^ near 
Moel Siabod. The ashy beds above are quite unaltered, and this 
— and the perfect manner in which with the stratified rocks, the 
porphyry luis been affected by all the contortions of the rocks of 
the country — proves that it is a great bed or set of beds of fels- 
pathic lava interbedded with fossiliferous strata. In no sense are 
the felspathic porphyries of Snowdon the cause of the disturbance 
of the rooks of the country, for, long after cooling, they have been 
themselves affected by these disturbances. 

NmU Gwymmi, — ^Esat of Nant Grwymnt, and north and south of the point 
crossed bv the section (No. 3, pL 28), fossUiferons slates and gtita already 
mentioned dip under the porphyry of Cerrig-Cochion and Ciibiau (fig. SO), 
which at its base is somewhat breodated, as if its under sor&ob had cooled 
raptdlj, while in the act of flowing, and the lava had broken up into scoiiaceons 
firagments, cemented by inflows of melted matter subseonently cooled. The 
alaie on which the trap immediately rests is so highly altered that fcv a 
breadth of about a foot it is impossibie to define thdr limits. Soath^'west of 
Gerrig-Cochion, on the hilb east of Nant Gwynant, the trap stretches towards 
Bedogelert with a very irregular and &ulted outline. It is of tlus part of the 
poiphyiT that the felstone rocks of CasteQ and Yr-Arddn are outiiers* 
&-iiu^ oheety Section 28, and No. 3, pi. 28). They lie in well-curved troughs, 
and around and under them lie slates and greenish grey grits, containing 
Sncrinite rings and many other Bala fossils, lliese are ihe predse equivalents 
of the sandy beds under the igneous rocks of Ddwyddelan, and just as in the 
oountiy between that valley and Manod-mawr the sandy beds form the higher 
part of the series, so between Modwyn and Yr-Arddu the beds are slat^ below 
and sandy and fossiliferous above, tiieir entire thickness, exclusive of mjected 
greenstones, being about 6,000 feet. 

West of Oastetl and Yr-Arddu the grits and slates dip E.S.E. from 20° to 
4ff* as far as the jagged &ults that bound tiie porphyiy on the east from Biyn 
Gwynant near the lake to the neighbourhooa of Pont Abeiglaalyn. These 
&ults cause the felstones to abut on slaty beds from 3,000 to 4,000 feet below 
those on which the same rock rests at Hafoaydd-brithion,t Castell, and Yr-Arddu. 
Further south, about a mile east and south-east of Beddgdert, one of the fiiults 
must have even a larger downthrow (5,000 feet 7), for all the felspar porphyry 
is cut out, and the ashes are brougnt into contact with the slates below the 
trap. This &ult, also in part a copper lode, extends from Llyn-y-Ddiuas to 
the hills about half a nme S.S.W. of Pont Aberglaslyn, where the felstone 
again abuts on the slaty and gritty beds below. Where the fault ceases the 
fossilifierous grits appear as far soutii as Y-Gelli-llydan, and the boundary line 
then passes west to Moel-ddu, and suddenly changing, strikes a tittle east of 
lunth by Beddgelert and Yr-Aian to the Ym top of Cwm-y-llan immediately 
under the peak of Snowdon. Except near l^oel-adu, the whole of this bouncf- 
aiy, from Beddgelert to Yr-Aran, about 6 miles in length, is a fruit, the 
porphyiy bdng thrown down on the east aj^ainst the blue slaty beds of Y- 
Grug-wen and Yr-Aran in the manner shown m Diagram No. 46. An unfaulted 
boundary line betw e en the fielstone porph^ and grits and slates then passes 
south-westerly across tbe ridge that unites Snowdon and Yr-Aran to the 
neighbomiiood of Cae'r-Uoi on tiie Caernarvon and Beddgelert road, and from 
thence passes southward to Mod Heboj^. Along this part of the bonndarr the 
rocks are associated inth lines of intrusive greenstone. From the top of Cwm- 
j-TLan to the east side of Mod Hebog foniliferous rocks dip north-west and 
west under the porphyiy ; and between that part of the igneous rook liiat runs 
from Mod-dduf to Snowdon, and from Snowdon to Mod Hebqg, the rocks lie 



* Six-indi section. Sheet 28, line 3. 
t About 2 miles east of liyn y Odinas. 
t H miles N J^.E. of Tremadoc. 
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in the fonn of an uitiduul curve, iht east side of whioh hu been pwtlf cat 
off hj 0» Beddgelert nnd Cwm-jt-Uaii fitult. 

llie masses of rock, however, immediatdk me in a tTHcUnal curve, iritidi 
(u the ground Binka on the south sideof Moel Hebog) cansm tiie felatona 
poiphjr;' capped with ash to curve rapidly round at Biaidi-v-ComeL From 
thence the lower bountbr^ line stdke« about 4 miles due north with an easton 
dip, underlaid by f owiliferous gnts, and afterwards runs north-east to Clorwyn- 
du'i^Arddu, on the west flank of Snowdon, where, for ttie piesent> I shalT leave 
the line. 

Moel Hebop. — rnie disposition of the rocks on Moel Hebog haa alreadj been 
shown in Diagram No. 36. The felapathic ponihyry oT that mountain and of 
Y-Gmg-ddu are of the usual trpe, and frequently possess that slagsv structure 
of twisted and stiMght lines that indicate the curving and etotching of lavs 
in lines of viscous flowing.* The crags of Y-Graig-ddu are interaected by 
patches of branching greenstones. North-east of this hill the ground is to a 
space covered by deep boulder diift, which from the bottom of the valley risea 
in long alopee up the sides of Yr-Aran and Y-Graif(-iven. Rocky bosses, how- 
ever, here and there project fhim the rahbish, sufficient to warrant the infbnniw 
of the continuity of the rooks between Y-Grug-ddu and the broken eoontiy 
west of Cwm-craigog. 

Snondoit. — On the ridge of Llechog, west of the' peak of Snowdon, the 
fUspathio porphyi^ is curiously cleaved, or at least veiy closely jointed; and 
so marked is this above Cinn-y-Clogwyn that it is difficult at first to 
believe that it is part of the very same slaggy-looking masses previonslj 
descnbed. So completely is the appearance of the felstone of Llechog, and ot 
the cliff below the peak of Snowdon, modified by this structure, that there is 
the utmost difficulty in fixing on a boundary line between it and the overlying 
ash, both being febpathic and both cleaved. 



Ftp. 37. 
Pkak of Smowdok, clkavkd Ash and Fblbpathic Porphyrt. 



I. Ashy beds. 2. Felspsihie trap. 

It is difScult to rect^tniie the probaliility of intense cleavage bong in- 
duced in a rock that has been melted, accustomed as we aie to consider that 
cleavage of this nature is confined to stratified rocks. Less than 2 milwi from 
this point, on the sides of Cwm-y-llan near Yr-Aran, the same stmctute is 
remarkable, and it was not till after repeated visits and much study on the spot, 
"•* Mr. Selvryn was enabled to draw the lines of demarcation between the 
aahes and the felspathic porphyry. 

Looking south the arrangement of the rooks on Genallt is explained in the 
following diagram by Mr. Selwyn. 



* 5k p, 123. Between Bnowdon and Llyn-y-gadcr 



iV-38. 
SicnoN South, acrobh Pabt op Gbuallt. 



No. I, on the csat, repreaenti the lower felsmthic porphyiy of the triingu- 
larir butted BKa, ftbont a mile south-west of Ufn-Gwyiunt. 

No. 2, the felspsthic ash ftuilted Bgviiist this tnp aad nang to the 
west caps the tr^, which here appears on the surfsce for about half a 
mile. The ashj beds 2 are then snadenly thtown in on the west I^ a ra{nd 
curve at the strata, and dipping westerlj at a high angle tiitj abut twain on the 
same fidqnlhic titp 1, in craueqaence of a ^It (also a lode) whidi stiikea 
from Cwm-r-Uan S.S.W. acrow Geoallt and ends at a Utde &nlt about a mDe 
north of Beddgelort. 

1 ibaO now resume the deseription of tin north-west side of Soowdon, at 
Clogwyn-du'i^Arddu, whac the sfanc ture of the porphyry may be adran- 
tageonily studied from Uanbens. North-west of the pe^ of Snowdon, the 
felspathie porphyij btcaka up into four distinct beds separated by slaty 
bands, ^mptoms at which may be less distinctly obserred in Cwm-y-Clogwyn, 
wfaoB oertam hard grits are interbedded with the felstonea, but on too small a 
■eale to be noticed on a 1-inch map. Ti^ether they lie in a synclinal curve 
between BwIch-cwm-Brwyno;; and the cliffs above the south-east angle of the 
dark little tarn of Llyn-du'r-Arddu, where ther are cut off by the fault/ of the 
foDowing diagmu, and the ashy beds 6 that f(»m tike summit of Snowdon an 
thrown against than. 

SmcLtKAL Cdbvb or Clocwtn-du'r-Arddv, Skowoon. 



1. Oritty sod slaty beds. 
3 to 5. Felqathic racks. 
6. Felspadiic ashy beds. 
g. Greenstone. 
*. Slaty beds. 



Nos. 5 and 4 represent the chief parla of the massw of pOTphjry that nndcrUe 
tiie ashy beds, lliey are beie partly columnar, and the columns are generally 
perpendicular to the dip of ita snr&ces. Tortnons lines of viacons flowing, 
CtiTtng the rodi, when doeely examined, a slaf^gy aspect, are here strongly 

- -■ -d (fig. -12). On the whole these wave in the direction of the dip. No. .'( 
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is a coarse felapathic breccia. No. '2 a compact felapathic rock nidelj CDlunmar, 
and between e&ch there are thin beds of Blate, marked (, 

The slaty beds beneath all of the«e rocka are much indmated, adhering finulr 
to them at the junctioQB ; and occaEionallj for a thickneaa of 2} feet thej look 
aa if they had been almost taaed by the me!t«d matter that flowed acfoas them 
when theyfbrmed the mudd; bottom of the Silurian Sea. Th^ are in some plaoea 
scarcely visible ^m below, but a good climber who wishes to studv the effects 
of the porphyry on the slate may here and there follow one along the synclinal 
line tilt it is cut oS by the fault near the summit of the cliff. They generally 
form the merest lines of separatioo. Beneath the lowest bed lie the same sandy 
and slatv beds (No. 1) that underlie the felspathic porphyry of all the area 
already described from Moel Hehog to Dolwyddelan. A greenstone dyke (a) 
pierces these rocks, probably connected with the round boss that borders vbe 
lake and forms part of the cliff above. It is largely crystalline. Some minor 
j^ults occur in it and the ash that it pierces, one of which is a poor copper lode. 
Slate standing vertically, and probably brought there by the ii^ect«d vdn, 
occurs in the line of fracture. Passing into the body of the ridge of Clogwyn- 
du'r-Arddu, the same greenstone reappean in Cwm-y-Clogwyn, on the south 
side of the ridge. 



g. Greenstone. 3. Felspathic porpbyiy. /. FanlL 

For a certain distance the felstone is brought against it by a continuatjon 
of the Uyn-du'r-Arddu fault /. On the cliff south of Llyn-y-nadroedd both 
stand in a vertical position, the felspathic porphyry being intensely jointed and 
perhaps cleaved. 

The greenstone here consists of felspar and hornblende in atiout eoual pro- 
portions, though occasionally felspar predominates. South of Lleobog it widens 
out and branches, one arm runmng through the felstone near the Beddgelert 
path, and the other striking in among the strata of slate sandstone and con- 
glomerate that underlie the felstone near Llyn-y-Ooder, Y-Craig-ddu and Moel 
L^n, north of Moel Uebog. Though it here follows the general strike of the 
strata for several miles, forming in part of its course a long rocky escarpment 
. on the moor between Llmhog and the Caernarvon and Beddlegert road, its 
intrusive nature ia proved beyond a doubt, not only by the large branchinsa 
already alluded to, but also by the manner it (;) cuts throagh some oi the 

Hff. 41. 
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ninar giit bedi («) tlut west at Ufn-j^a$Arotdd an biUntntified with the 
poiphjrry, sad inaepanble from it on to mull » msp. 

Wten intondcd into the felatone the gnautane iM reftdi^ diatingiiiihabla 
from it in conBeqnucD of ita bghicr hne, > pecnliwitjr dne to » corering <rf 
white lidiai* thftt gcnoally Aooiuh mote luxuriantly on the lofla f(Keiutanet 
.>.__ ._ .• . ■-— ^^^QJ more nliceoiu felatone rodu, ao that after a time, 

lie rsrietin of ontlii 

at a dia^iee, the nre- 
widelv 



partly br their tinta, and partlj bj help of distingaiBbsble rsrietin of outline 
■ ■ ■ "y fail to of 

s that fbnu bo muchjif the ccnntry. 



mbloidie rocka, though thej mar lie in the inidet of the widely 



From Clccwyn-dn'r-Arddn the felapathic tnpi itTTketotbenorth-etut.aaoaa 
the Paaa of Uanbcna, in three well-defioed banda. The north and aoudi fault 
that rmu bam Cwm-y-Clofl[wyii W Uyn-dn'r^Aiddn to Llechw (oralookiiig 
the Paaa) uipears to change npiw in amoaat, and probably mea oat before 
it reaches the Pass, thongh on Llecnog, all the rocks being nearlv vertical, this 
ia necessarily nncertain. North-west of the peak of Snowdon the section (PL 
No. 28, ¥ig. 3)' crosses these rocks about midway between the summit of 
Uecbog and Llyu-du'r-Arddn, and the pomtiou of the ash and porphyrr 
b thefe partly infetred, but any one who conaidaE the effect that such a faoU 
most produce ou dislocated masses of bedded rock passing by a r^iid cnrre 
from a neariy rotical to a htmzoutal position, win admit the safciy of the 
i iifcieu ce iriien studied on the ground. 

The aectiou at Uechog, bke that of Clo^wyn-dn'r-Arddn, with a httle 
dantbering ia easily accessible and pecnliariy mstmetive, and were a geolt^ist 
in donbt Mont the uon-intTuriTc natore of &te feltpathic porphyries of Snow- 
don, there are no other places where he would be more likely to satisfy himself 
respecting thtir ttulr interbedded character, especially if be venture to follow 
the strike of the beos between the crags of Llechog, and Cwm Patric in the 
Paaa of Llanberis. Hiranghont this course of leas than a mile in length two 
weD-^naiked thin slaty bands separate these beds of felspslhic rock, and e< ~~ 
from below with a favourable litcht, a good eye seizing the efaangin ' 
can foOov them throughout. On the Dorth-eaat side of the Pass, ■ 
to be deacribed, the sla^ bands tiiicken and become mote appareut. 

On the sommit of liechc^ the uppermost mass of felabooe aoat out at an 
angle of from JfP to 80° dipping nearly east. The (elspathic and calcareoua 
ashes in immediate contact with it are very irr^nlar in their dip, pn>bably in 
consequence of the fault already mentioned. The paiphyrr is generally of a 
solid and massive character, and when weathered afaows that wavy tortaous 
structure which I hare denominated slaggy, and which I beliere ia in this 
rock due to the same cause that prodoees similar hnea in aome pitchstones^ 
obaideans, pearistones, and other non^dystsUine recent lavas, or in the visoous 
flows that pass from iron furnaces in the form of slags. Tlie accon^ianyiag 
drawings from la^e rocky fragmenta on Llechog, and at the base of Clc^wyn- 
dnVArddu, ahov the nature (^thcae lines. 



* Also e-ineh leetiooi, Sluet 18, ItDC S. 
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In a mere dnwing it ia difficult to diatiiiKuiah theM tetmkigbf foliated 
stnietuKB fium the foliatiora of fptaia and inica-aohirti. In tne rock the 
ditFennoe is obrioua. In gneiBsio neks there ii more or leas complete sepS' 
ntion of const^ent minerals into Iftfers conse<|aent on metunorphie sctaon 
Kubseqaent to tbe onginsl depon^n of the strata. In the cue of Uiese traps 
it is ft structure induced hj ori^nal viscidity and rendered permanent bj 
consolidation. 

The mass from whence the blocks were derired ia about 900 ftet thick, and 
rests upon from 60 to 70 feet of sandy felspsithic beds, somewhat b1^ in 
structure, which in their turn lie upon nearly 500 f^ of compact fiiU- 

Gthie brecciated and conglomenitic rock (the continuation of No. 3 in the 
yn-du'r-Arddti section, Fi^. 39), cantaiiun)( fragments similar in form to 
those shown in the foUowini; dia^am : — 



When freshly fractured the stony fragments are generally indistinguishable 
or faintly seen, but on weathered surfaces they become veiy apparent. Both 
matrix and pebbles are porpbTritic, and from its general cbancter, I incline 
to the supposition that mucn of the rock may have originally been a 
scoriaceous IsTa, the irregularly fonned snuU fragments and larger blocks 
being mingled with fine ashy matter that fell on and among them, the whole 
having since consolidated into a compact mass. Sometimes also it looks as if 
loose scoriaceous fragments on the surface became entangled in the moving 
lava stream, and, retaining their form, became imbedded in it. Tba yellow 
felspar crystab in the matrii are generally of iiregidar form, and like those of 
most ashes are fragmentary. The probaoilily that the above was really the 
mode of formation of part of this rock ia increased by the circumstance, that 
in the continuation of the bed, and in the heart of Snowdon, there are no 
appearances similsr to those now described, probably on account of the cooling 
having taken plac« under circumstances ths^ did not admit of the formation of 
tcoris. 

The whole mass rests on about 100 feet of sandy rock, slightly mixed with 
Mhy matter, which separates it from a bed of slagKy felatone 260 ieet thick, 
similar in general aspect to that already described, lliis forms the lowest part 



ashy matter, which separates it from a bed of slagKy felatone 260 ieet thick, 
similar in general aspect to that already described, lliis forms the lowest part 
of the igneous rocks of Snowdon, and it rests on beds of blue and browiush- 
mj grit and slate (equivalent to those of Moel Hebog and Dolwyddelan), 
beneath which are beds of blue slate, well seen along the ridge that overiooks 
the village of Llanberis. 

UaHberit, Y'Qlyder-fmaT lAyn Ogven, SfC. 

lOW follow the course of the Snowdon felspathio porphyries across the 
ilanberis, it appeus that they strike steadily north-utst to Llyn Idwal 
cb-du,* from whence they curve southward.t The lowest, striking 
from the crags of Braich-du above Cwm-Lloer, recrosses the valley 
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by the bridge st the frlls of the Ogwen, where the synelinal dure is Qnoom- 
mankj >hjurp, the loclu below the bridge dipping a little aontfa of east about 
80^9 and rismg again with a high westeriy dip inunediatelj above the wateiftlL 
From this pomt the bed sfzikes soath-cast uuongh Llyn Bodilwjd and over 
Y-Glyderwrr to LlTn-v-Cwm-Hynnony near the top of tiie P^ms of Llanberis, 
a^iere it thins ont«* The bed of fdstone above next corves round at Lljn 
Idwal, and, oossing tiie summit of Y-Glyder-&wr, descends to the P^ms of 
Llanberis in thai noble breceiated diff from idience the massive ruins have 
frUen that give a name to Pont-7-gromleclL.t From some points of view on 
the road, pari of tiie broken cmg stvids out on the hill side like a huge tower, 
on whidi the great jointed gaps from whence the ruins Ml are distinctlj 
visible on the verticsl diif above. The third and highest curves round on the 
diib between Uvn Idwal and below TwU-du, and forms the shelving slope of 
E^gair-lelen, and that magnificent crag that, seen from the lakes of Elanberis, 
rises above Gwm Patrie frmn the left m the road. 

From the upper part of the Pass of Llanberis the continuity of these 
fdspaihic lavas with that of Cribian and Cerrig Cochion, is obvious, and this 
completes the drde of the fdstone rocks tiiat form the base of Snowdon, the 
deaointion of which commenced when I showed its relation to that which 
^^<uJmm the ashes of Dohrjddelan. 

D e tw e en Llyn Ogwcsi and the Pus of Llanberis vsrious smaller beds of 
felatone appear end ibm out. Two of these lie immediately south of Llyn 
Ogwen, one west of liyn Bochhryd, and others in and above tiie Pass of 
I^nberis west of Llyn-y-Cwm-l^riuion- The grits, that underlie the lowest 
febtone bed a littie above the village in the Bus, increase in strength and 
imp or tan ce as thqr approach Nant Francon and Llyn Ogwen, and the tiiin 
bands <tf slate intcrstrabfied with the felspathic rocks on Uechog thicken and 
pass into great mssiidi of hard grit and arenaceous slate. Th^ are stronglv 
developed on either side of Ujpi Ogwen, and at Lhn Bochlwyo, Llyn Id^niC 
and on both sides of Nsnt francon bdiow the fidls, where they strike north 
np the ciiflB of Craig-yr-hy^^ and south-west below the felstone of Y-Gam. 
As a whole, and esj^cially in their lower psit, thqr are the equivalents of 
the grits bdow the tr^is of Dolwydddan, Cribian, and Mod Uebog, and 
contain the same general assemblage of foanls with these, and with tiie beds 
that lie bdow the porphyries of Y-I^yftn. 

The foDowing ^agrsm, fig. 2, PI. 28, shows the relation of the rocks east 
and south-east of L^ Ogwen to those of Snowdon, and also of a beautifially 
rMular basin above Llyn Idwal in the high ground between the Pass of 
Lnnberis and Llyn Ogwen. 

On the south-east are fossiliferous hsrd grey fdspetiiie grits. No. 4, over- 
lying the fdstones 3, that a little fmther nortii form the heights of Y-Glyder- 
fiidiandofY-Trvfim. 

Half-way up the broken slope the Idspatiiie masses No. 3 roll over towards 
Y-Gfyder-lswr in an anticlinal curve, tiie continuation of ^Hbidi farther north, 
betwtJtn GaUt-y-gogo and Y-Tiyfim, is explained in Diagram No. 25. The 
upper pari of No. 3 is a fdspathir porphyry, occasionally breceiated on its 
upper sutCmx, but gencmUy of a compact shiggv s tructure , taSL of agate- 
foimed concretions. The lower put is slso porphyritic, and in the middle 
^bae lie about 300 feet of fdspathic brecda and adiy4ooking conglomerate. 
On the south-esst side of the anticlinal the whole mass cf tr^> is about 
1,000 feet thidc, and nesily 1,300 on the north-west nde, and west of the syn- 
clhial of Twll-du and Uyn Idwal a part of it rises about a third of a 
mile west oi Y-Gsm in a band reduced m thickness, as shown by tiie dotted 
lines in the section underneath the levd of the sea. The ssme fossiliferous 
f^ and arenacenous slates (contsining Sircphomema egpauOf &c.) that 
He iqxm the trap in Nant-y-Gwryd roll over to the west (4) and are suc- 
ceeded by the hard blue felspathic trap (5) (the lowest bed ai the Snowdon 



* The rocks of Y-Glyder-fech, Gsmedd lievdyn, &c. sre lower in the series, 
f Or Cfomlech Bridge, from the fended lewmblanoe to a Oonalech of the blocks 
fellen from the overfasngiiig diC But there is no Cromlech there. 
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felstones) which, following the beautiful curve of the TwU-du synolinal, riaes, 
reduced in thickness, on the peak of Y*Gam, where it is full of those small 
nodular agate-like concretions which are frequently so characteristic of the 
interbedd^ felstones of Caernarvonshire. The next, which forms the summit 
of Y-Glyder-fawr (5'), is about 1,000 feet in thickness, and is a continuation 
of the middle band of the Snowdon section (Fig. 33, Plate 28). The great 
felspathic lava beds, therefore, that run north from Llyn-y-Cwm-flynnon by 
Glyder-fkch, Y-Tryfan, Gallt-y-gogo and Caraedd Llewelyn to Conway, all he 
in the Bala beds on a lower horizon than the felstone rooks of Snowdon. Bed 
No. 5' is succeeded in ascending order by about 500 feet of arenaceous 
argUlaoeous slaty beds, containing two distinct local bands of felspathic ash. 
On these there rest about 300 feet of felspathic lava (5"), forming, m the Pass 
of Llanberis, part of the great shingly slope of Esgair felen. On its upper 
surface, near Llyn-y-Cwn, it is sUghuy sooriaoeous and breodated, and the 
whole curving round above Llyn Idwal rises on the west, and strikes with 
rather a stratified look across the Pass of Llanberis, and up the cliffs of 
Uechog, as the highest bed of tiie Snowdon porphyiy, immediately beneath 
the calcareous ashes (No. 6). 

Fossilsr-^The fossils of this district are as follows, in desoendinjg order : — 
The fossils of this ash above Twll-du have been already given ;^ and in 
descending order the grits and slaty beds below the &' at the south end of 
Llyn Idwal contain the following species : — Beyriehia eompUcata; TVumeleui 
concetUricus; Bellerophonperiurbatua: Orthis fiabelMum, and Encrinite stems. 
The next gritty bands below 5' run from the east side of Y-€ram across 
the middle of Llyn Idwal, and up Braich*du across Nant Franoon, thence 
bending round along the east slope of Y-Gljrder-fiawr, near the top, it strikes 
down to Pont-y-gromledi, and the west angle of Llyn-y-Cwm-%iuion.t 
On the hills between this lake and Pont*j-gromlech, felspathic rocks (not 
shown in Fig. 2, PL 28), and the same fossiliferous grits, dip south-west at the 
angle of the slope of tibe hill under the great masses that form the slope of 
Snowdon in the Pass of Llanberis. The rock is concretionaz^, oontaimng a 
number of agate-like nodules, somewhat chaloedonio, and the gnts that rest on 
it sometimes convev the impression that the sediment had beoi spread on the 
surfiaoe of a scarcely coolea lava stream. On the north side of Llvn Ogwen 
the same grit widens out and forms the top c^ Braich-du, overlying tne highest 
band of felstone on that side of the river. It contains Sttophomena «ep«isa, 
OfihU ^fiabeUuhan, Turbo crebristria, MurehUonia angulata, Ortkoceras, and 
Encrimtes. Lower still the grits No. 4 below the felspathic lava of Y-Gram 
contain the same Orthis and Strophomena with the addition of Leptana serieea, 
MwrcMsonia scalarii, SeaUtes leiiicularis, RhynekonellOf and a FenesteUa j and 
below this, intentratified with stiQ lower igneous bands, above the Holyhead 
road on the diffiB of Craig-yr-hysfa,^ the grits and arenaceous slakes contain 
the same general aasemblsffe of organic remains. As a whole they represent 
those grits just above and beneath tiie Capel Curig porphyries that surround 
Uyniatt Mymbyr. Besides most of the fossils named above they also oontain 
Terdfratula $errata in vast quantities, and in smaller numbers MfftUus, Lm^vIo, 
Stenopora fibrosa, and CormMes $erpukarna, iJl spedes common to the Bala 
beds. 

Greeaf/oMf .— I shall now explain in detail the mode of occurrence of the 
greenstone rocks on and around Snowdon. 

These have heretof ore only been incidentally alluded to. They are intrusive, 
and excepting a few narrow dykes, they are of Lower Silurian age. I^ is need- 
lees to oescnbe each one ; but a few of the principal masses may be spedally 
noticed. All of them arehomblendic. Between Pen-y-gwryd and Cribian§ 
five patches pierce the stratified rocks and the overlying felspathic porphyrr. 
Thsy lie about the same level with those near Dolwyddelan and Moel oiabod. 



♦ P. 118. 

t The syllable lech of Pont-y-gromlech lies in this patch, on the Map 75 S.E. 

i Map 78 8.E., just above the Falls of the Ogwen. 

§ Between the top of the Pass and Moel Siabod. 
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■re dark green, and diitinctl; but not largely crjatnlline, hornblende pre- 
dominating, and thef alter the rocks with which they are in contact. 

The line of ^reenitone about a mile in length that p&wea through Llyn-j- 
Cwni-%nnoii u well cryBtallized, slighttj branching at ita south-east end where 
the ala^ rocks in contact with it are altered, and quarried for honestones. 
"niere are also several well-marked patches south of the Pass. One of these 
(p, Diagmm, No, 31) branches at both ends into several romificationB. These 
■re well shown in the large knoll [a true roche moutonnfe) above Blaen-j- 
pennant, where the greenstone pierces the slagaj felspathio trap in all directioni 
in thin veint, in some of whica there is much quiutzjike tnoK that bo fre- 
quentl J proceed horn masses of granite. At its junctioinrith the felspathio per* 
phyr; the greenatone is often partially decampoged ; its crystalline character is 
gone (probably fromrapid cooling at ita sides) and itposseaaes a flaky sbuctuie 
to oo great an extent, that it sometimes looks likei some of the cleaved de- 
composing dark green calcareous ashes, or in other caaee aaaumee anappeamnce 
ofa more bIb^ description. Another mass of greenstone beMitifiilly crystalline 
breaks in among the rooke west and south of the twelfth mileotone. A rock 
which makes honestones is in contact with it, origmating probably in eome 
short patch of sUte assodated with the fdutone and altered by the green- 

A third boss about three-quarten of a mile across in all directions, forma 
most of the minor hills in Cwm DyU and the hollow of Llyn Teym. The Uet 
ia unusually fslspathic for this district. Its well-marked column* may be seen 
from the Capel Uurig path to Snowdon, near Llyn Llydaw, on an isolated hill 
diat rises in Cwm Dyh, between Llyn Teym and the brook that flows from 
Llyn Llydaw. 

Anotherehortpatohliesatthetapof Cwm-v-llan, alittleS.E. of thetopof 
Soowdoa. One of the long lines that etretcn toirarda Moel Hebog west of 
Yr-Aiui lies partly in the ^stone and partlv in the highest sandy part of the 
Bala beds that dip under the felspathic porpliyries. Though intrusive, it dips 
like them north-weate^ and rises agun on the opposite side of the synclinal 
<;iUTe, in Cwm-y-ch)gwyn, where in two branches it hea, partly in the porphyry 
and partly in the undoiying grits and alaty rocks norUi and south of 
Llyn-y-gader, 

Fiff. 44, 
Section Wibt op Yb Akan, Snowdon, looking South. 



1. Slaty and grity beds. 
3. Felapatbic porphyry. 
8. Greenstone. 

Several other bregular bosses lie in the feletones of Y-Xinug-ddu, north of 
Moel Uebog, which though very irregular in form and decidedly intrusive leem 
1^ signs known to the geologist to partake of the curvatures that have affected 
iJl the bedded rocks of this country, whether stratified or igneous. 

North of the Faas of Llanberia there are several well-cryitalUced masses 
traversing the grits and felspathic porphyries ; and a great vesicular, rubbly- 
looking patch forks acroBa the rocka new the summit of Y-Glydei^fawr. 
A rock ot similar character forms the top of Camedd Llewelyn, and more 
xnaaaive m strocture, rises like a (^reat dark wall round the circular end of 
Cwm-Ua&i. These are not onlike the greenstone previously deeoribed. 
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that, on a lower geological horizon, forms the summit of Cader Idris.* 
One of the most string bands begins on the hills less than 2 miles 
north-east of Llanberis church. It is partly columnar, and follows almost 
precisely the dip and strike of the slaty strata to Nant Francon, where 
crossing the valky, it ranges nearly in the same horizon up Graig-yr-hysfa, 
and curving rouna the edge of the north slope of Camedd Daiydd, it strikes 
south to Afon Lloer, near Llvn Ogwen, still more or less agreein|f with the 
strike and dip of the strata. Near the summit of Camedd Dafydd it sends off 
a branch wmch, partly lying between the beds, trends south towards Llyn 
Ogwen, and the whd|, though intrusive, clearly partakes of the synclinal 
curve, of which Brai(^du is the centre. Seen only on the banks of Nant 
Francon alonff with another band a little tother west, they might both easily 
be mistaken for true contemporaneously interbedded lava-flows. 

The greenstones around Snowdon are perhaps all connected at no great 
depth beneath the surfisu^e by branching ramifications, but this is impossible 
to prove. They break out on different horizons in the Pass, in Cwm Dyli, 
Cwm-y-Uan, C!wm-y-Clogwyn, and at Llyn-du'r-Arddu, vet, as already stated, 
they seem always to be affected by the curves into which the strata have 
been thrown subsequent to their intrusion ; and it therefore seems probable, 
that like the great bnes of greenstone between Llanberis and Ffestiniog and 
between Moelwyn and Nant Gwynant, their tendency has been to force their 
way in between the lines of bedding ; but from causes diflScult or impossible 
to trace, they have also branched underground hither and thither with consi- 
derable irregularity, and now when exposed by denudation, crop out apparently 
in a capricious manner. 

Fottilf.— Someof the faults on either side of Nant Gwynant have alreadv been 
described, and also those that run from the neighbourhood of Beddgelert to 
Llyn-y-ddinas and Yr-Aran (pp. 1 14, 1 1 5, 11 9, 121 ). It is scarcely necessary to 
enter mto all the details of the effects produced by the faults drawn on the map of 
other parts of Snowdon ; but as this is a district much visited it may be worth 
while to allude to a few of the more obvious. Where they most concentrate on 
the north-west of Glas-lvn several of them are copper lodes, one of which, gene- 
rally striking to the north-west, and branching out m various directions, has been 
worked to advantage, and yielded a considerable supply of yellow sulphuret 
of copper. The long lines of white quartz, that like strniks of snow, contrast 
so strongly with the dark cliffs above the lakes, are all in lines of fracture, some 
of which are fibults. Between Snowdon ant) Pen-y-lan there are nineteen dis- 
locations, which, on such rough ground, it cost much labour to understand 
and nUtp, and which are of importance, for they often throw the strata to be 
ana];^sed up or down several hundreds of feet, and without them the true 
relations of the masses to each other would be unintelligible. One north-west 
fbult passes from the hill above Llyn Teym towards the Pass of lianberis. 
It is a downthrow on the west, and brings sandy and calcareous ashes against 
the lower felspathic porphyry. About half a nule west of this, in a direction 
a little west of south from the twelfth milestone, several faults dovetail beds 
of pure sandstone (belonging to the ashy series) into the same porphpy. 
Several east and west faults also consioerablv affect the country. One 
above the eastern half of Llyn Llydaw throws down brown sandy dalcareous 
and scoriaoeous ashes to the south, cutting out a considerable portion of them 
at the suHkce. Another, which passes along the south si(k of Grib-goch 
towards the copper lode, throws the upper columnar felstone down upon the 
ashy beds ; ana a third, which passes through Glas-lyn is a downthrow on the 
south, which in conjunction with a north-west fault that ends in Llyn Llydaw, 
lets in a small triangular piece of the same columnar trap on the southern slope 
of Crib-goch. A north and south fault passes along the steep slope of Crib-y* 
ddysgyl. It is a downthrow on the east, which above Gla''4yn brings the upper 
columnar trap against part of the ash, while on the west side of Cwm-glas the 
ash is thrown against the underlying porphyry that forms the great mass of 
Snowdon. Besides these there is the dislocation that runs north and south 
from Gwm-y-Clogwyn, through the east end of Llyn-du'r-Arddu to liechog 
above Llanberis. lliis is a downthrow on the east, and though sufficiently 

* See p. 28. 
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obrioos vAiOt the rocks are inclined, where thej become vertical on Ueehog it 
necessaiily beoomea inappreciable. A branch of this fault, which cats throni^h 
the gieenatoae to the south-east, is a poor copper lode, and baa occasionallj 
been worked. The lower part of the Pass of Llanberia itself runs in a line c2f 
fr ac tur e, inwpredable when the beds are vertical (as between Cwm Patric and 
the village), but plain when the rocks are inclined or contorted lower down 
the Pass bj die hkes. 

Sktmmary. — By help of the one-inch nuups* and sections, 
espedally that which dosses the peak of Snowdon (PL 28, 
Na 3), and of ¥ig. 30, it is not difficnlt to expbun the order 
and r^hitions of ^e masses of rock that form ihe monntain, 
and the heights and yalleys in its neighbourhood. Shite and 
ibesiliferous grits of the Bala beds lie at the base of the 
moontain ; three great beds of felspathic porphyry (which soutlt- 
waids oonyerge into one) lie upon these; still higher are 
beds of fel^MitluCy sandy, and calcareous ashes ; and highest of 
all are the relics of a sheet of felspathic lava, here and there 
perched <hi the ashes in outiying fragments. Figs. 31 and 32. 
The Snowdon section in the plate shows all of thesje but 
the last, and it also ^ves a good idea of the steepness of the 
mountabi, and the sweeping though broken curves into which 
the beds have been thrown. One of these, under the north-east 
side of Cwm*y-llan, brings the sandy beds within a few hundred 
feet of the surface. A little further south the same denuded 
curve, fiuilted on the east, actually brings the shity beds that 
lie boieath the porphyry up in the heights of Yr Ann. Before 
leaving the subject, I shall show the arrangement of the rocks on 
a line of section between Llyn-y-Ddinas, x r Aran, and Clogwyn- 
y-gwyn, in the hope of clearing up any difficulty that may remain 
in undemanding the structure of tiie country, especnally the 
relation of the Nant Gwynant rocks, with those of Yr Arm and 
the ground east of Llyn Cwellyn. 

Pig. 45. 

Sbction from tbb Nobthbkn End op Lltn-t-Ddinab otkk Tr 

Aran, Snowdon, to Ci>oowTN-T-GwTN.t 

SJE. 




/ / 

1. Slatf and sandy beds of the Babi series. 

S. ¥dgpu!Qdc poffi^ijritic la^as. 

3. Calcareous and felspathic Tolcanic ashai = Bala 

4. Greenstone. 
/. FaoUs. 

Hie gnat sheet of felspathic porphyij No. 2, lies on either side of liyn-y- 
IMinaa, and riaing in a steep eacarpment on the north-weat dipa under wavj 
beds of the same aahy material (No. 3) that forms the peak of Snowdon. On 
Pisimelaa a tongue of trap 2 again rises in a sharp anticlinal, being overlaid 



* 75 N.E. and 7S S.E. 

t The south-east half of the diagfim la from a sketdi hy Kr. Selwyn, the rest by 
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on both side* bj feUpathic volcanic breccia and ashy Blatei (3). Ob tiie 
nortb-west aide of the asis they dip in that direotdon with a wavins line, and 
Buddenlj abnt on the underljinfr trap 2, which i« broug-ht in by toe Geuallt 
fault/uready mentioned.* Thu &ult ia therefore a downthrow on the louth- 

Tie fblatone is highly cleaved, the pUaei dipping W.N.W. abont 70°. A 
little further, on the east side of ¥r Aran, the line crosses the Cwm-j'Uan and 
Beddfelert fault /', also a downthrow on the east, of nmonnt so considerable 
thst the felspathic trap 2 is made to abnt on ((rejand blue slaty and sandv 
beds No. 1, which in their natunl position would he about 2,000 feet nndemea^ 
the Dorpbyry. The sharp peak of Yr Aran is formed of these strata dipping' 
north-westerly from 20° to 35°. The planes of cleavage are inclined in the 
same direction about 60° or 60°, and slate quarries have been opened in the 
strata, which have proved of little value. West of Yr Aran fossiliferous slates 
and grits plunge under the long broad strip of felspathic trap 2 that unites 
Snowdon and Moel Hebog, and with a synclinal curve again rise on its 
western boundary, near Llyn-y-gader. They are associated with lines of green- 
stone 4, already described (flg. 44). This curve is part of the long bend that 
underliesthe peaks of Moel HeboKand Snowdon, and of Bnuch-du, above Llyn 
Ogwen. On the west side of £e unper end of Cwm-y-llan the dip of the 
rocks and the north termination of the Kreenstone may be seen on the cliffs, 
where it thins away in the rfift"ni>i' ghown in the loUowing diagram by 
Mr. Selwyn. 

Fig. 46 



I. Slaty and sandy beds of the Bala aeries. 

3. Felspathic trap, cleaved-looking, jointed, and colnmnsr between the ttxHta/,/. 

3. QreeDBlooe. 

/. Faults. 

The diagram. Fig. 45, when thoroughly worked out, ought 
to give a clear idea of groimd on the south side of Snowaoo 
that at first sight, on the Bpot, is not very intelligible. Bui, for 
a general understaading of Uie whole of the Snowdon BectJon, any 
one with a good geolo^cal eye may grasp the entire order of 
saccesuon during a walk up the PasB of Llanberis. First and 
lowest in the series, on the banks of the lakes are the Cambrian 
rocks, and above them the Lingula flags and Bala beds,t then 
come the felspathic porphyries and ashes that form the crest of 
the mountain. Let any one who wishes to get a clear idea of the 
great thickness of the igneous series of Snowdon stand between 
the turnpike gate and Pont-y-gromlech, and with a favourable 
light he may see on the right the great tiers of various rooks 
that, piled on each other, lie between the bottom of the Pass and 
the topmost peaks of Crib-gocb, as shown in fig. 31. First, 
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lestiiig on beds of grit (4)^ there ib the solid base of porphyritic 
and sla^y-looking felstones (5)^ here and there pierced by 
greenstones (^) ; and fiur np the mountain is a great black difl^ 
on the top ^ which thick beds of calcareons ashy rocks (6) 
midnlate along in clear wary lines that to the practised eye show 
a stmctore markedly different firom that of the underlying massiye 
rocks^ or of the crags of colmnnar fdspathic rock (c) that crown 
the ashes on the sharp ridge of Crib-goch. 

At first sight it might be supposed that aboye Pont-y-gromlech 
the mass of the lower* porphyry is &r thicker than the same 
rocks lower down the Pass, on Uechog, since from the road 
looking np to Cwm-glas the felstone forms the great mass of 
the mountain. But uiis is partly deceptiye, for the rocks, as 
drawn in Fig, 31, p. 113, are highly inclined on the southern 
side of the Pass, thus increasing their apparent mass, and the 
greenstone g^ forming a sort of lofty wall, assumes an importance 
greater than its mze would entitle it to in most other positions. 
Foreshortened firom below, the slope looks as if almost inaccessible. 
Neyertheless, a ledge passes along its upper boundary, and the 
rerersed dip (fi!om %(f to 8(f) of the intruded rock is shown in 
some places on the wall of felspathic porphyry that rises on the 
south side of the ledge. Seen on the spot, one cannot doubt 
ihsX before its denudation the greenstone rose against this wall 
much aboye its present limits.* 

The columnar trap c, of the diagram 30, is one of those isolated 
patches already frequently alluded to. The peak of Snowdon 
(Penwyddfii) barely escapes being capped by it Always exhibiting 
the same sharp and colunmar structure, and unconnected by dykes 
with any lower lying mass of igneous matter, it occurs in eight 
distinct patches, resting on the surface of the ash. Three of these 
are on Crib-goch, fig. 31, three on tiie opposite side of Llyn 
lilydaw on jbliwedd and Gallt-y-wenallt (diagrams Nos. 30 and 
32), and two on the north slope of Moel Hebog (diagram No. 
36), and one possibly aboye Twll-du west of Llyn-y-cwn ; and 
I cannot doubt that the whole of the ashy beds were once 
coyered by a sheet of felspathic laya, of which these small scat- 
tered patches are all that denudation has lefl to attest its former 
existence, peihaps on a scale as great as the porphyritic rocks 
that oyer an area of at least 60 square miles are Imown to underlie 
the ashes. 

The thickness of all the igneous rocks on Snowdon may be 
estimated as follows : — 

Columnar felspathic trap - • 200 to 300 feet 

Ashy beds - - - 1,200 

Basement, slaggy and brecdated 

felspatUc porphyries - - 1,700 

3,100 feet 



* This wall it several hundred ftet above the Paiw, and in some places it is 
polished and deeply and regularly grooved in an east and west direction by glacier 

I2 
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The whole easily divides itself into these three principal masses, 
but it is not therefore to be supposed that they are the result merely 
of three eruptions. Though under the greater part of Snowdon 
the lower porphyries coalesce and form one great mass, yet further 
north it has been shown to consist of au least three distinct lava- 
flows, interbedded with thick bands of fossiUferous grits and slates, 
indicating a long period of repose between the eruptions. It may 
have been that where the sheets coalesce the volcano for a space 
was elevated out of the water. Neither is it certain that each of the 
sheets was the effect of one flow. The 1,200 feet of ashy matter 
were clearly the result of gradual accumulation during intermitted 
eruptions ; for while some of the beds consist of purely felspathic 
dust, mixed vrith broken crystals of felspar, and others are made 
of agglutinated cinder-like stones and lapilli, others are inter- 
mingled with every variety of common sedimentary sand, mud, 
and calcareous matter^ with occasional bands of fossils that evi- 
dently lived and died on the spots where they were entombed. 
It is not even likely that all the ashy matter was directly showered 
through the air into the sea, but rather that much of it was 
recomposed, having first fallen on land around one or more vol- 
canoes, from whence, mixed with ordinary sediments, it was spread 
abroad in the manner of other strata by the effects of marine 
denudation. 

Whether the columnar trap above the ash was produced by the 
last eruption of the volcano that vomited the igneous rocks of 
Snowdon, or whether it was followed by other lava 'streams and 
beds of ashes, there is no way of discovering. On the left bank 
of the Conway (10 miles off), and in Merionethshire, above the 
horizon of the Bala limestone, all the rocks are formed of ordinary 
sediments without any volcanic admixture ; and such as it is, this 
evidence would rather tend to show that the eruption that gave 
birth to the upper columnar trap of Snowdon was one of the last 
acts of the volcanoes of the area. 




CHAPTER XIX. 
The Lower Silurl^k Bocks of the Passes of Llanberis 

AND NaNT FrANCON, CONTINUED, AND THE COUNTRY BE- 
TWEEN Llanberis, Criccieth, and Cltnnog-fawr. 

General Description. — Below the igneous rocks of Snowdon, and 
between that mountain and the Menai Straits, there lies a thick 
series of strata which, as a whole, nearly correspond to the Bala 
beds and Lingula flags that lie between Dolwyddelan and Traeth- 
mawr. 

Fine sections of the Silurian strata are exposed in the high 
ridges on either side of Nant Francon and the Pass of Llanberis 
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the best being that on the 80uth->west side of the Pass between the 
ridge of Llechog and the kkes. 

With the exception of the fossiliferous sandy beds (described 
in hist chapter) that immediately underlie the porphyries^ the 
strata for three-quarters of a mile consist of d2u*k blue and grey 
slate, dipping south-east from 60^ to 80% below which lie the grits 
and fermgiDOUs slates of the Lingdla flags. Bising from under 
these, at the upper end of Llyn Peris and in Nant Francon^ are the 
nnfossiliferous conglomerates, grits, and purple slates of the Cam- 
brian series^ in which lie the great slate quarries of Llanberis and 
Pourhyn. These are the equivalents of the rocks between 
Harlech, Trawsfynydd, and Barmouth. Beyond Nant Francon 
the same Cambrian and Silurian rocks trend to the north-east 
towards Aber and Conway, and south-west of the lakes of Llan* 
beris they form the country to the shores of the bays of Caer- 
narvon and Cardigan. 

The interbedded porphyries and ashes of the Arans and Moelwyn 
in Merionethshire are, however, unrepresented in Caernarvonshire. 
If they existed their place in the series would lie somewhat above 
the Lingnla grits that strike north from Llanberis along the ridge 
of Elidyr-fawr ; but they have all thinned away deep under ground 
in the hollow of the trough between the igneous rocks of Moelwyn, 
and the western slopes of Moel Heb(^ Snowdon and Camedd 
Xilewelyn. Neither are the equivalents of the Tremadoc slates 
and Llandeilo beds certainly known in this quarter. If they 
exist in Caernarvonshire their place should be close above the 
liingula grits of Elidyr-fawr. Either like the above mentioned 
igneous series they have thinned away in the trough, or they are 
nnfossiliferous, or if fossils exist they are still to be discovered. 

The great mass of felspathic porphyry of Llwyd-Mawr is a 
broad outlier of the Snowdon porphyry, and between Llwyd* 
Mawr and Moel Hebog the masses roll over in an anticlmal 
curve, fig. 49. Fossils seem to be rare in this area till we approach 
the country south of Moel Hebog. West of Llwyd-IVIawr slaty 
Silurian strata dip south-east at a high angle, and no fossils have 
yet been found in them. 

North-east of the Pass of Llanberis, as far as the country near 
Aber the Lingula and Cambrian grits, separated by slates of the 
Lingula flags, run in lines nearly parallel, dipping easterly from 
45^ to 70°. They form a marked feature in the physical struc- 
ture of the country rising between Llanberis and Nant Francon 
in the bold ridges of EUdyr-fawr and Camedd-filiast, Elidyr- 
fach and Bronllwy d. The same rocks trend from Llanberis south- 
west to the shore of Caernarvon Bay north of Yr Eifl. 

Between Yr Eifl (or the Bivals) and Aber, various intrusive 
masses lie amid the Silurian rocks, the most remarkable of 
which form the mountain of Mynydd-Mawr by Llyn Cwellyn, 
Moel Perfedd and Bwlch Cy wion on the west side of Nant Fran- 
con, and Y-Foel-firaU near Aber. A great mass of felspathic 
quartz-porphyry also lies among the Cambrian rocks between 
Llanllyihi and Bethesda, to be described in next chapter, and 
another near the shore stretches from Caernarvon to Bangor. 
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Llanberis and Nant Franeon. — Everywhere in the Passes of Llanberis and 
Nant Francon the slaty rocks are so intensely cleaved that the bedding cannot 
be detected without rigid examination, especially since the bedding and 
cleavage nearly coincide. The strike varies from 30° to 45^ north of east, and 
the rocks dip south-easterly about SOP and upwards. On the summit of the 
ridge, close to Y-Try£an, Llanberis, the stratification is nearly vertical. (Sec^ 
tion PL 28, No. 3.) On the slope, half-way down towards the Pass, a large 
galleiy was excavated, in the hope that the quality of a certain vein of 
slate would improve in the body of the hilL When the geological lines were 
laid on the map it had been abandoned for yean, but is now again in auo- 
cessfiil operation. In the Pass of Llanberis no fossils have been found in 
the beds between the sandy strata immediatelv below the felspathic porphyry 
and the Lingula flags, though cleavage and oedding nearly coinddmg, there 
is no apparent reason why shdls or their casts should be obliterated. 

Between the Pass of Llanberis and Nant Francon the same slaty beds strike 
across the ridge of Foel-goch and Bwlch-y-breccan, and on the east side of 
Nant Francon, between Camedd Llewelyn and the Lingula grits, the Bala beds 
are resolvable into two masses, separable by their colours. The lower and 
thicker part is light blue, and the higher part near the felstones is dark blue or 
almost bku;k. Excellent sections occur a little further north on the sides of 
Cwm-Uafar and Cwm-gaseg, and on the difP of the latter valley below Yr^Elen 
the different coloured beds are exposed, abutting on each other on dther side 
of the Llandbedr and Griccieth fault, whish here throws the strata down on the 
east about 1,000 feet, in the manner shown in diagram No. 28. Beneath the 
fossiliferous grits of Camedd Dafydd, the slaty part of the Bala beds seems 
almost unfossilifsrous, for though fi^ouently searched by Mr. Salter and 
myself, only one undeterminable graptoiite was found. Tue same seems to 
hold good of the equivalent strata northwards to Aber and Penmaen-Mawr. 

lAnaula Beds, — Taking the Pass of Llanberis as a starting point, I shall now 
describe in more detail the Lingula flags between C^nnog-nwr and Aber. 

Crossing Y-Ttyfan* there is a &ult about 30 miles in length, which runs 
from Llanabedr, near the vale of Conwy, to the sea near Criccieth. On Y-Tiyfan 
it is marked by fractures filled with quartz, and the lower part of the overlving 
strata is thrown down on the east against hard quartsose longula grits, whi^ 
dipping south-easterly are cut off by the fault before they reach the base of the 
hilL (Section 3, plate 28, and 6-inch sections, ^sheet 28, line 2.) On the 
opposite side of the Pass, the grits reappear immediately east of Uyn Peris, in 
a vertical or even slightly reversed position. Here in some minor fr a ctur e s 
spots of greenstone occur, and the main fault forms the eastern boundary of 
tne grits for about half a mile. Below them on either side of Uyn Peris are 
ferruginous slaty Lingula beds on end, about 1,000 feet in thickness, and 
resting on Camorian grits. From the Pass, the Lingula grits trend a few 
degrees east of north, in the form of thick quartzose beds and conglomerates, 
interstratified with slaty bands. They dip easterly at high angles, and, being 
less easily denuded than the overlying and underlymg sli^, by their hardness 
they form the sharp ridge of Ehdyr-fawr, on which thev are about 1,300 foet 
thick. From the bottom of the Pass the beds in indinea tabular masses mav 
be seen cropping distinctly out and ranging fttr up the mountain, on whicn 
great shiverea blocks lie piled on each other in rmnous confusion, rendering 
the ascent uftusually toilsome. At the north end of Elid^&wr the whole 
series may be observed bed by bed striking downwards mto the hollow of 
Marchlyn-mawT, and dipping east at angles of about 70^ and 80°. Towards 
their base they are somewhat slaty, but the main mass consists of grey and 
brown grits, occasionally conglomeratic, in which, near the base on the south 
margin of the lake, I found LiwfuleUa DatiiU and Olmuu mienarus^f 

A dear and characteristic section occurs on the hills overlooking Nant 



* On Snowdon, Map 76 8.E. 

f It ifi worthy of remark as showing the uncertahity of discovering rare fossils, 
that when in 1848 I mapped these rocks this LinmMa and Olenut were knocked out 
at the first blow of the hammer, and though in this locality the beds have since been 
syRtematically examined for organic remains, both by myself and others, not a single 
additional fossil has rewarded the seareh Between the base of the griti and the 
Cambrian rooks the slates are concealed by thick glacial drift. 
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Fnnooo. Standing on the ridge of Gvnedd-filiaat, mn immeniie bare shdving 
Bui&oe of rock, covered with laige waye-like ripple or ciif f ent marks, strikes 
the eje, dippmff a little south of east about SG*, and fbnning a considerable 
portion of the higher part of the west side of Cwm-graianog. Farther down 
nomennis casts ot Cruziama gemipUeaia and other great amneUde tnbes are 
common on the rippled surfaces, .both in the rocks in place and on the laige 
fragments that stiew the centre c^ the vallej, and form tiie symmetrical moraine 
across its mouth (Plate 3). 

From below, looking south-west on the Holyhead toad, above the 32nd 
mflestone, the whole series is visible, striking m distinct beds from Mod- 
perfedd and Camedd-fihast down to the laige roehes momiomdet on the bank of 
the Tswfx Ogwen. In the opposite direction for two miles thej are also easfly 
taoeable across the hills by Bwlch-hda to Garth, where thc^ are cut c^ bj a 
faoh (a downcast on the ncnth-west) of about 2,000 feet, which seems to tiirow 
them against the Cambrian grits. Their precise relations are, however, obscure, 
owing to the thick drift t£it covers the vdlej of Afbn-ffiridd-lis. LmaukUa 
Davim in great numbos was found in the grits near lydd^-dn (Plate 2). 

North and west of ^e hvUtt the lingula grits are distinctly traceable to 
Mod Wnion, and between that hill and Aber they are repeated in a singular 
manner by five firalts, the nature of which will be described, p. 163. Along 
all this long strike from Uanberis northward, the grits are underlaid by 
about 800 or 1 ,000 feet of dark blue ferruginous slate, ^nush. separates the grey 
grits of the Lingula series from the underlying green and purple rocks of the 
Cambrian area. In this lower part of the T>TTign1a. beds no fossils have yet 
been found in this part of Caernarvonshire. 

Between Llanbens and Llyn CweQyn on the south-west^ the Lingula grits, 
ao prominent on Elidyr-fftwr, generally lose their strons Iv defined character, 
partly because much of the ground in Maes cwm and Cwm Dwythwdi is 
obscured by dnft, heath, and peat, and periiaps also in part because the grits 
are mmeomfornuMf ooerUtpped^ or that they thin away, or pass into slaty material. 
It is also not unlikdy Xhit as the strike of the country is here much disturbed, 
parts of the series may be cut out by undetected fitulti, probablv continuations 
of some of those that so thickly intersect the hills overhanging L^ Peris. 

South of the valley of liyn Cwdlyn the relations to eadi other of the 
Silurian divisions is in places soil obscure ; but in the vallev south of Mynydd- 
mawr the TJngnU ^j^ts and slates are both well devdoped oetween Nant-y-Uef 
and IJyn-y-dywarchen. 

On tiie broken slopes on the souih side of the valley, the beds form a dome- 
like anticlinal axis, tne ends of which have been broken and cut off by faults. 
The eastern fiiult is probably a continuation of that which crosses T-Tiyfiui, 
frtmi whence, for tiie greater part of tiie way, it mi^ be infierred by quarts 
fragments on the surfrkce, but the rocks being of similar quality on both sides 
of the fiuilt, it is impossible to prove any actual displacement. Between Llyn 
Cwellyn and liyn-^-dvwarchen the Lingula grits of Clogwyn-y-gareg dip north 
for about an dghth of a mOe, and N.N.W. towards the fiiult and copper lode, 
where th^ are thrown against tiie overling strata in the bottom of the valley. 
From thence the grits fSl of minor cracks mav be traced westward to Tal-y- 
mignedd, where dipping at high angles to tne north and west they curve 
aonthwaid on the wes t ern dope of the mountain, where they are cut off by an 
east and west fiiult which drows down the Bala beds a^inst them on the 
south. 

This fimlt crosses Cwmry-fffnnont about half a mile bdow the spring, 
and another strip of the same T^mgnU grits u^pears abutting against the fanlt, 
and dipping south-east on the southern side of the arch. It thus hwpeos 
that the Lmgula grits and the Bala beds on opposite sides of the finut aif 
bnnu^ together, and this also happens between the west dope of T-Gartf 
and Clogwyn-gareg. The following diagram shows the anangement of these 
strata on a north and south line drawn across Mynvdd-mawr to Cwm-IHnrfor, 
a hollow the drdnage of which forms the source of tne stream that passes down 
the long valley bounded on the east and west by Mod Hebog and IJwyd- 
mawr. 

* Map 78 S.E. and 75 K.E. 

t Fijiuion signifies a well er spring. 
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F^. 47. 
Section prom Mynvdd-mawr to Cwm-Dwyfob. 

njPddqaawr. Cwm m-T-Hlgnedd. Cwm-Dwrfte 



No. 1 represents the Unguln slates, and No. 2 the Liiif[iila grits in Cwm 
TBl-j-mi)^edd, No. 3 the BaJa shites, sjtd No. 4 the great intrusive boss of 
Mynydd-inawr. The slate that underlies the grit is here much lighter in 
colour than that which overlies it ; and several of the dislocations are good 
copper lodes. 

The Lingula slates and grits rise in Cwm-Dwyfor, where, at the upper end 
of the valley , tb^ may be seen bending in a wavy dome-like curve. 



The overlying elate is here so much cleaved that but for the grits the atratifi- 

eattoii would he un distinguishable. Beyond the point of outcrop the grit 
slopes southward towards the bottom of the higher valley, but beyond the 
junction of the brooks it is probably covered up by the overlying slates and cut 
off by the fkult thnt passes down the valley t« Criccieth. 

Ltwyd-maior, Moel Hebog, IfC. — A little more than a mile south of Cwm- 
Dwyfor hands of grit again appear on the west side of the valley, and cod- 
glomoate ocoura on the hills opposite Brynkir. All these are overlaid and 
underlaid by blue and black slate, and uey are considerably &ulted, the 
cracks sometimes containiof; a little copper ore and much iron pyrites. 
The whole dips weatnard at angles ranging from 20° to 60° beneath the 
felipathio porpoyry of Llwyd-mawr, Fig. 46. The cleavage all along this dde 
of the valley dips a few degrees north of east, at angles &om 66° to 85°, and 
sometimes it is vertical. The sla^ beds, thoua'h much obscured by drift, yet 
as a mass dip distinctly under the ielapathic rock that forms the base of Moel 
Hebog. The rocks, in fact, between Llwyd-mawr and the west side of Moel 
Hebog form an anticlinal oime about 2 nules in width, and the igneous rocks 
that cap the slates on either side are equivalents (Fig. 48). At the top of the 
slates ore fossiliferous sandy Bala beds that immediately underlie the porphyry 
of Moel Hebog, but between these rocks and the river there seems to be no 
Lingula flags, probablj[ owing to the fiiult that passes down the valley, throwing 
them low on the east side of the anticlinal axis ; and it is not till ws approach 
the country between Dolbenmaen and 'I'remadoc that the aandv Lingula beds 
distinctly crop out in a broad curve, dipping north-east and north-we^ between 
Moel-y-gest and Ynys-cynhaiam,* the details of which have been already givm 
la Ch^^iter IX. 

Between Criccieth and Nant-y-llef there occurs ths vast igneous mass of 
Llwyd-mawr, already alluded to, forming a wild mountain tract, about / milea 
in length, by about 3 in breadth. Its surfitce is rough, broken, and BtrewD 
with great blocks of porphyiv; its northern end is intersected by valleys, the 
sides of which are hieh ana precipitous. The rock consists of a compact, 
felspathic porphyry, blue in its fresh fracture, weathering pale yellow or white 

• Haps 75 N.E. and N.W. 
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Moel HetKw (Fig. 49), ud indeed, 
geaenitj M the great lara sheets, 
that eren in their doinded ftag- 
[jcondition extend from Car- 
'dfn above Nant FrsjicoD 
o tbe north shores of Car- 
digan Baj. 

Hie western bonndarj of the 
Uwyd-mawr porphjrf between 
YDjs-ddo sod Fant-glas is obscnred 
bj drift. The rest of this line b^ 
IJTn-cwm-duljn and Llvniaa-cwm- 
siljm is wdl defined, toe junction 
of slite and porph jit bang almost 
rinUe on the cidb abore the lakes, 
whae beds of aUoed poicclanic 
slate dip nnder it at high angles- 
Seen from the rockj- pass of Cwm 
Trfsgyl on the north Bank of Mod 
Hebog, in a &TOiiiable hght, an 
r. 1 j^ > •!.- 
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beneath the porphyiy of the c 
abore Ciaig - cwm - til jn. The 
atructnre of the country will be 
easilj nnderatood.bj reference to 
tbe foQowmg section frain Mod 

Hebog to the north-west across al -3 

Crajg-cwm^ljrn, a little to the g 

•oath of IJjnisu Nant-j-Def. It a- 

indndea all the rocks from the ^ 

quartz pOTpbjn* and Cambrian s ' 

strata to the sshj equivalent of the ^ 

Bala limestone. CT 

A glance at Ae map will show h 

that the Lingula flags (Fig. 49) = 
north-weit of Crwg-cwm-iiljn are 

continuous in the line of strike S 

with those of the Pass of Llanberis. £ 

Tie whole of these beds have a ten- ^ 

dencj here and there to become o 

aandj and fermginous, thus resem- h 

blingthe lingula flsgi of Ffestiniog u j 

and Dolgelli. The gtits south-west ^ % 

ot Ujnian Naot-j-Ucf rest directly £ 

tta Cambrian sbtea, hnt further ^ 
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* A Ailler descriptioit of the porpfajry (p') sod of tbe Csmbrian stnts is giroi at 
1^. 140, 142, 145, bat in the meantime it may be stated that on the sooth and vest, 
when not faulted against the porphyr;, tbe Cunbrian rocks are so excessively altered 
that it is often difficult to tcpanle theia from the intmaive igncoua ■"■— which has 
prodnecd the sllerstion. 
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by drift. There is, however, little doubt that it puses out to sea about h&lf a. 
mile north of ClynnoR-fawr, near l^-coch. The reasons for this conclusion 
are, that on the north side of Mjnydd Llanllyfiii at Llwyd-coed there occurs 
the most southerly quarry of purple slate in the district (Map 76 N.W.), and 
betVEen this point and Frida-bach, when not obscured bj drift, there are 
indications of purple slates on the north aide of the line, and blade slate on tiie 

West of Fridd-bach no purpla slate is seen, and it ii probable that it is cut 
oat bj a fault which throws the Siluiian strata agunst a low part of the 
Cambrian grits. 

Ijitratiiie Rock*. — The intrusive rocks associated with the Silurian strata 
deacribed in this chapter are as follows, beginning from the south. There aie 
several patches of greenstone in the valley north of Llanfihangel-y- Pennant, 
and others in Cwm-y-ffynnon. One of these, Craig-isallt, close to Llanfihangel- 
y-Pennsnt, forma a striking feature in the scenery. The peak of Y-Gam* 
consists of an igneous rock similar to that of Mynydd-mawr. The long atrip 
that runs from the north cliff of Y-Gam towards Llyn Cwellyn is homUeodic * 
greenstone. 

The boss of Mynydd-mawr is one of the most beautiful roeka of this countiy, 
consisting of a feiapathic base, when slightly weathered of a pale cream colour, 
in which small specks of hornblende are scattered, and very rarely minute 
granular crystals of quartz. If deeply Quarried the colour of the base would 
probably be blue. The specks of bomblende render it unlike any of the gttaX 
interbedded felspathio lavas which form so much of Snowdon and Moel 
Uebog. In the form of a great boss it rises through the slate which may be 
seen here and there in a porcelaniaed condition on its mai^n (fig. 47). An 
instance occurs on the slope towards Nant-y-llef where the igneous rock abuts 
on vertical planes which probably are lines of bedding, for, as in the case of 
the altered slate in contact with greenstone between Dolwyddelan and FfeS' 
tiniogit it is unlikely that at Mynydd-mawr the porcelaniied slate should have 
been cleaved after undergoing this spedea of alteration. The absolute junction 
is obscure at the base of the north cliff, but near it blue slate and grey arena- 
ceous beds dip towards the tall cliff of Craig-cwm-hycban and Cwm-du, where 
the rock is larKcly jointed and somewhat columnar. On the south of Uie 
mountain great banks of shingle lie along the steep slope at the base of Cnia- 
y-bera, concealing the absolute boundary, which neverllielesa may be approa* 
mately inferred. 

Nearly opposite the village of Llanberis three greenstone dykes pierce the 
siate on the hills between Llechog and Y-Tryfan, occasionalry breaking a little 
athwart the slate. (PI. 28, section 3, and 6-inch sheet No. 28, line 2.) 
They are distinctly visible from the bottom of the Pass. The eastern dyke 
splits into two aa it rises to the summit of the ridge, while the western dyke 
thins away at a lower level. Another broad well-crystallized dvke cnts the 
slaty rocks at T^'n-y-lhnnon on the opposite side of thevfdley, ana three others 
nearly in the same Dsds crop out near the summits of the ridge of Moel-y- 
cynghorion and Moel-goch on their northern slopes, between Llyn Cwellyn and 
Llanberis. 

FTy. 50. 



B^v. 



U Ungula beds. 
* About 3 miles soath of Llyn Cwellyn. 
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On the wot nde of Nant Fnnoon the igneona mass of Moe^pofedd lestB in 
A singular nuumer on the Lingnla grits of Carnedd-filiast. Tne base of the 
rock is fdspaihic and ray sparini^lj speckled with hornblende. It is intmsive, 
and alien the rocks wiu which it is in contact, bnt instead of lising from 
below like a djke or boss, it lies on tiie smmnit c^ the sharp lidge in the form 
of a hBi^ wedge, tapering downwards. " 

It is not easy to aooonnt for tiie occnnence of a rock of this kind in such a 
pocition. It aoeB not seem to rise from belpw through a neck, but possibly 
before the rocks were thrown into their p resen t inclined position it may have 
been iiqected among' them in connexion with the larger and lower mass 
of porphyry of liyn Padam, the continuation having been removed by 
denndatioiL. 

A ainular rock intruded among strata on »higher horizon forms the craggy hill 
between Blaen-y-Nant and Bwlch-y-Cywion. It resembles some of the granitic 
roeks in which free silica has not oeen foirly developed, and in the cliffs above 
the road and on the hdghts near Bwlch-y-Cywion small veins have been 
injected from the main mass among the slates, which at the junction are 
altered into poroelanite. Tlie lavers of slate look wavy at the junction, and 
qnartx veins (not foliated) brancm among them just as they often do at the 
ends of brandling veins of granite. Tlie same kind of phenomena are obser- 
raUe about 4 mnea further noith in the greenstone west of Yr-Elen. This 
rock sometinies approaches syenite in its structure, and on the south side 
of Cwm-Gaseg sends veins into the slate, which in its neighbourhood has a 
baked aspect, and is spotted like ** snakestone," an appearance common in 
alates in contact with intrusive masses. On the east side of the greenstone the 
slate of Yr-Elen and Cwm-gaseg dips towards it at angles varying from 15^ 
to 25% and on tiie opposite side the same beds dip 10^ S. of E. about 5^. The 
cleavage is vertical, and its strike in general coincides with that of tiie bedding. 
Beyond this is the great intrusive fdJ^mthic boss of Y-Fod-frAs. 



CHAPTER XX. 

The Cambbiak Bocks of Caebkabyokshibe. Llakbebis^ 

Llyhiau Nakt-y-llef, &C. 

General DeseriptimL — It has been already shown that the Cam- 
brian rocks of Merionetlishire and Caernarvonshire form the 
oppoote and lowest beds of a great synclinal cnnre, the upper 
strata of which are Lower SiloriaxL Before entering on details 
I shall describe the general arrangement of the Cambrian strata, 
near the Menai Straits, between Aber on the north and Clynnog- 
&WT on the south. 

On the south the boundary of Cambrian rocks and Lingula 
flags runs east from Caernarvon Bay to Mynydd Llanllyfni, 6om 
whence it strikes north-east through the lower lake of Nant-y- 
Ilef, and P^Bses by Bettws Chirmon and Binas to Llyn Padam, 
near Llanberis. Here the boundary line bends south-easterly, 
and, intemroted by several &ults, the uppennost Cambrian rocks 
form the huls above Uyn Peria Prom thence the same strata 
strike north-easterly along the ridge of Elidyr-fiich and BronU wyd 
to Nant Prancon, overiooked by the sluurp ridge of the Lin* 
gala grits of Elidyr-fiiwr. In Nant Prancon the line crosses 
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the Holyliead road (aliout 220 yards below the 31st milestone), 
and interrupted by a fault stretches towards Aber, about 2 miles 
from which the rocks roll over to the west in a broken anticlinal 
curvewhichiscutoffonitswestemsiopebythegreat fault that runs 
south-west from Aber to Dinas Dinlle, on the coast of Caernarvon 
Bay. This fault bounds th& Cambrian roclu of Llanbens for about 
14 miles, throwing down the Silurian slaty shales on the north- 
west i^iunst a low part of tlie Cambrian strata. From beneath 
them the Cambrian beds agtun crop out to the north-west, between 
Bangor and Llanddeiniolen, Both areas include large masses of 
quartz porphyry. 

Between the quartz porphyry and the Lin?ula flags at Llanberis, 
the whole of the Cambrian rocks, in spite of certain sharp contor- 
tions, have an average aouth-eaaterly dip. In some degree they 
differ lithologically from the rocks of Merionethshire, for whereaa 
the latter are almost entirely formed of grits, in Caernarvonshire 
great and valuable beds of slate are interstratified with grit and 
conglomerate. The cleavage strikes north-easterly with the strike 
of the beds, and is but little afifected by minor contortions, hdng 
either vertical or dipping at very high angles south-easterly, in 
the direction of the average dip of the rocks of the country. 

The best sections are in the Passes of Llanberis and Nant 

Francon, where the succession of the strata, as a whole, is as 

follows : — The highest beds consist of about 1,300 feet of green, 

greenish grey, and occasionally of purple hard grits, generally 

thick-bedded, and formed of grains of quartz often but littfe 

waterwom, intermingled with felspar grains in smaller proportion. 

Section No. 3, pi. 28, and £gs. 43 and 54; (also 1-inch map 78 S.E., 

and 6-Jnch section, sheet No. 28.) A Uttle copper pyrites has 

been occaaonally worked in it near Llyn Peris. Beneath 

the grits rise the bluish purple and purple slates of the larger 

slate quarries of Penrhyn and Llanberis, and below these are 

other thinner bands of slate, grit, and conglomerate, the lowest 

of which, by Llyn Fadam and elsewhere, paiaes into the great 

mass of quartz-porphyry that for 13 miles strikes along the 

midst of the Cambrian strata, between Llanllyfni and St. Ann's 

chapel, on the river Ogwen. So doaeljr does the matrix of the 

altered rock resemble the adjoining typical porphyry in colour, 

texture, and even in porphyritic character, and by such insenuble 

gradations do they melt into each other, that the suspicioa or 

rather the conviction constantly recurs to the mind that the solid 

porphyry itself is nothing but the result of the alteration of the 

stratified masses carried a stage further into the region of that kind 

of absolute fusion that in so many regions resulted in the formation 

lites, and other rocks, commonly called intrusive. 

I ia further aided by the capricious variation in 

I strata adjoining the porphyry, — as, for instance, in 

thin conglomerates of Llyn Padam and Clegyr, 

iquivalents of the fiir thicker beds around Dmas 

lorth-WBst of the lake. This I can only account for 

ion that these beds have, as it were, been partly 
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eaten into by heat and themselves converted into porphyry. Far- 
ther^ the porphyry itself has in places a thick-bedded appearance, 
especially on Moel-gronw^ where the lines are inclined in the 
direction of the dip of the neighbouring strata. 

Ftg.b\. 

_ Clcfdr. Moel-ffitmw. 
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1. Porphyry. 2. Grit, ooiigl<nnente, and aUle. 

* Planes in p<wpiiyTy, dipping in aecovdance with tlie dip of the 
adj<Mning Btnta. 

Snch appearances have often been explained (perhaps in some 
cases jostly) by the hypothesis of the formation of planes of 
cooling supposed to coincide more or less with the lower surface 
of the strata that once covered underlying crystalline masses, but 
in this instance I beUeve rather that the lines indicate traces of 
stratification in a rock, the ori^al ijilspathic and quartzose 
material of which has been metamorphosed mto true porphyry. 

DeUdU cf the Cambrian Roeks, Uanberis, S^. 

I shall now deseribe the Cambnan strata of LJanberis and the ooanty 
further south in detaiL The minor stratign^hical xehitions are exceedingly 
intricate. 

Od the sooth side of the lakes, between Y-Tiyfan and Dinas, the Snowdon 
aection (FUte 28, No. 3, and 6-incb sheet No. 28), crosses the Cambrian grits, 
ndiich ]ie in the form of fiuilted anticlinal and synclinal axes. Thne if 
nnbroken woold present a fonn for the top of the Cambrian strata somewhat 
like that given in the lowest dotted line on the plate. The fiuodts are dearly 
ooonected with the contortion of this piece of conntiy. A sharo cnnre in the 
strike has, as it were, been attempted between Llyn Peris and Dinas, — ^the 
hard rocks resisted the bend and ftactored, and six large fimlts with rmtitiona 
of tiie grits are the consequence. It is the complication induced by thaw 
fiaoUs wat apparentlT gives the Cambrian grit an undue importance along the 
soothcm shores of tne lakes. Forming a mass of ruggecl hiUs and broken 
ground they appear ftr thicker than they actually are, and it requires much 
maaeetion of tne strata to make out that the crags of Pen-carreg-y-fran, the 
Tcrtical beds of Derwyn, and the inclined strata of Cennant^nawr, are together 
all represented by the narrow strip of grit that crosses by the slate quarries 
frooL IJyn Peris to Nant Francon. 

Below Dolbadam the grits as it were escape from the fractured countnr, and 
enrving to the south-west by Dinas they gradually thin away towards Bettws 
Gannon,* where thc^ disappear. 

North-west of Dmas the section of the Cambrian rocks is simpler than 
on the opposite side of the lakes, though at first the contrary might be 




are about 1,100 feet thickt and rest on beds of purple and bluish purple 
slate. No. 4, about 400 feet in thickness, whicn undulate across the 
ooontry with a western outcrop, and occupy a space from a quarter to 
' * * of a mile in width. They have been quarried for slate, and 



* At the south-west corner of the sheet in the Tslley ciUjn CwcUyn. 
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it IB in the equivalents of these beds that the principal works have been 
opened north of Llyn Peris, and in the Penrhyn slate c^uarries. In de- 
scending order they are succeeded by about 200 feet of ffnts. No. 3, similar 
to those of Dinas and LJyn Peris. They commence by the lake at a small 
promontory, and stretch for nearly 2 miles to the south-west, where they 
either die away or are lost in the glacial drift. From beneath them about 140 
feet of slate crops out. No. 2, of a deep purple colour, pitching to the 
south-east at an average angle of 26^. In this division the principal slate 
quarries lie on the south-west side of the lake, although it is not more tiian 
half the thickness of the slaty strata that lie above the last-mentioned grits. 
Owing to the lowness of the ground, which is somewhat unfavourable for 
getting easily rid of rubbish, and also to the quality of the slate, due in part 
to niunerous joints which cut up the body of the rock into fragments, tnese 
quarries have never been so successfully worked as those on the opposite side 
of the lakes, even although the cleavage is suffidently dose and fine, and 
either verticaal or dipping at angles approaching 90° to the north-west. 

Underneath the oeds last described there Oes a mass of conglomerate and 
grit. No. 1, already alluded to (p. 140), the absolute thickness of which varies, 
owing to its irregular passage into the porphyiy that forms its western 
boundary. 

By the lake near the Glyn skte quarries the base of the con- 
glomerate is highly felspathic and sometimes crystalline^ enclosing 
pebbles of felspathic trap^ quartz-porphyry, quartz, quartz rock, 
purple and black slate, and red and green jasper. The whole 
mass is altered, the alteration increasing as it approaches the 
imdoubted porphyry, anfl it is easy to note, first, the disappear- 
ance of the granular structure in the conglomeratic or sandy 
matrix, and its gradual assumption of a porphyritic character with 
small crystals of felspar embedded, while the enclosed pebbles 
still retain their distinctive forms; and again, approachmg the 
recognized porphyry, the hard outlines of the pebbles in the con- 
glomerate gradually melt away till they become indistinguishable 
in the general fusion of the rock : and the view, that the porphyiy 
is not an intrusive mass in the ordinary sense — ^brealdng through 
and tilting the strata — is aided by the fact that it is impossible 
to define any line of demarcation between conglomerate and 
porphyry, for, among other reasons, though the strata as a whole 
undulate to the south-east at low angles on the south bank of 
Llyn Padam, yet the last dip is towards the porphyry, evidently 
without a fault The alkali in the felspathic pebbles and in grains 
in the sandy matrix, would aid in this alteration. There is nothing 
in the appearance of the porphyry contrary to this idea, for its 
general character is that of a rock with an amorphous grey fels- 
pathic base (like that of the altered rocks adjoining), containing 
small scattered crystals of quartz, which are often somewhat ^a- 
nidar, sometimes hexagonal, and sometimes they seem to be four- 
sided prisms, as if pseudomorphous. Like the altered strata it 
also contwis small distinct crystals of glassy felspar. On the 
whole the rock tends to confirm the impression made on me by 
the rocks of Moel-gronw on the opposite side of the lake, that 
the porphyry itself may be nothing else than Cambrian rocks 
that have undergone the extreme of alteration (fig, 51, p. 141), 

From Llyn Padam the conglomerate* stretches to the south-west 

* Opposite the letters «< lyn" in Map 78 8. 



i 



CAMBRIAN OBITS AND SLATES. t43 

separating the purple slate and porphyry. It crosses the valley 
of Uyn Cwellyn in a narrow strip, about half a mile below 
Bettws Grarmon^ and on the broken ground on the south-west 
nde of this valley the same general phenomena of alteration occur 
that are so well seen on the banks of Llyn Padam. Further 
south the conglomerate forms the highest points of Moel-y-Tryfan 
and Mynydd-y-Cilgwyn (75** N.W.), where it is partly metamor- 
phosed into a sort of talcose schist and conglomerate. Beyond 
this it has been either completely obliterated, or curving round 
to the east near the crest of the hill is cut off by a fault that 
throws the superincumbent purple slate directly against the 
porphyry. 

it will be gathered firom part of the forgoing remarks that the 
upper grits of Llyn Peris and Dinas die off to the south-west at 
Bettws Gannon^ the middle grits at Ceunant on the moor, and 
the lower conglomerates disappear at Mynydd-y-Cilgwyn^ but the 
purple slates that are interstratified with these follow an un- 
broken course to the neighbourhood of the turnpike road near 
Llanllyfni South-west of Bettws Garmon they rise directly from 
under the lAngnln beds. By the lower lake of Nant-y-Uef they 
are largely and successfully quarried dose to the quartz por- 
fhyrj which rises on the west of the lowest quarry like a 
great wall in direct juxta-position with slate. The unpor- 
celaniced condition of die slate where it touches the porphyry, 
together with the marked occurrence of slickensides there^ seem 
to indicate a fault South of Llanllyfiii the strike of Cambrian 
rocks changes to east and west, and the purple slate does not 
occur south or south-west of Mynydd Llimllyfiii and Ty Coch^ 
near Clynnog-fawr on the coast. The dr^rcovered district 
further south is composed of black and ferruginous Silurian 
slaty shales and grey sandstones. The point furthest south 
where purple slate has been observed is at Llwyd Coed^ about 
a mile south of Llanllyfni, and to the west of the last named 
places the ground is so obscure that the reason of the dis- 
appearance of the slate in that direction is unknown. The fault 
alluded to above, which throws the slate against the porphyry, 
is probably continued along the boundary of the trap as &r as 
Llanllyfhi, and west of that village perhaps throw the slates down 
agunst the low Cambrian grits and conglomerates that form the 
western boundary of the porphyry, from the mouth of the Pass of 
Xilanberis to LlanllyfiiL 

The boundaries above described are, however, by no means 
definite, for, being on both sides much obscured by dnft, they are 
in places mere approximations, and the absolute continuity of the 
porphyry itself is deduced fipm imperfect but probably safe data. 
Thus, though the underlying rock be unseen, the shape of the 
ground aids the experienced eye, and the drift itself often lends 
a hint of the nature of the ro(^ immediately beneath, from which 
its material is frequently largely derived. A debris of large angular 
firagments also often tells of the dose neighbourhood of the parent 
xwsk, and altered rocks lying in the assumed line of the margin of 
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the porphyiy also assist Fnrther^ wherever the drift haa been 
removea in the area mapped as porphyry there it has been found. 
Some of these places may be named for the use of those who care 
about details. 

On the rail at Afon-Llyfni/ and from thence to Mynydd-y- 
CilgMryn, the slopes are rough and rocky, and the quartz porphyry 
is everywhere visible. Next it is seen in the brook at Melin 
Forgan, and at Ty-newydd^ Moel, Caerwen^ and several places on 
the river Gorfai, after which, except at one place on its western 
edge, north-east of the Caernarvon and Beddgelert road, it is 
entirely obscured by drift, till it again stands boldly out on the 
rocky ground that overlooks Llyn Padam and the river RothelL 
On die opposite side of the lake it forma the crags of Clegir and 
Moel-gronw, and traces of the same kind of rock occur as fiir north 
as Craig-y-Njrth, beyond which to St. Ann's chapel, a broad level 
tract of country is entirely obscured by turbary and deep glacial 
drift, largely charged with miscellaneous boulders derived from 
the neighbouring mountains. In the year 1850, however, a shaft 
was sunk by Colonel Pennant between St Ann's chapel and the 
Penrhyn slate quarries, and there the porphyry was found, at a 
point where it might be expected if it were continuous so far north- 
west, for there seems no good reason, except the covering of drift, 
why it should suddenly disappear on the hills above Llyn Padam. 
That it does not cross the river Ogwen is certain, but it is pro- 
bably dose beneath the thick beds of slate that immediately 
underlie the uppermost Cambrian grits in the anticlinal curve 
between Bethesda and the bridge. 

Such is the general relation of the porphyry to the stratified 
Cambrian rocks, and I shall now proceed with a more minute 
description of the latter on the north side of the lakes of 
Llanberis. 

On the north side of Llyn Padam there are certain bands of 
grit, shown in the following diagram, some of which do not appear 
on the south. 

Fig. 52. 

Sbction by the Railway, Llyn Padarn, bbtwebn thb Porphyry 

AND Yr-Allt-wen. 

N.W. SJS. 

S 




9 S 

P. Porphyry. g. Greenstone dykes. 

1 to 10. Cunbrian congLomerates, grits, and slates. 

P represents the porphyry, which bears the same relation to 
the neighbouring conglomerate that it does on the opposite side 
of the lake, and the phenomena are so instructive that I give 
a second description, even though almost the same in both 
places. The blueish grey felspathic base of the porphyry encloses 
small hexagonal and four-sided crystals of felspar. Grains or 

♦ Map 75 N.W. 



CLBAYAGB, LLANBEBIfl. 145 

rather imperfect crystak of yery dear quartz are also dispersed 
in the base, the rescdt apparently of attempts at crystallization, or 
possibly in some cases relics of a rock of which the porphyry 
is the thoroughly altered representative. As on the opposite 
shore, there is a gradnal passage from porj^yry to the con- 
glomerate and grit No. L The latter, near its margin, has often 
a grey felspatluc base nmilar to that of the adjoining porphyry. 
'FtHspar crystals and granular or more perfect quartz crystds also 
occur in it, decreasing in quantity with increased distance from 
the porphyry and diminished alteration of the rock. 

A little fitrther from the porphyry, the base includes traces of 
qnartzose and felspathic pebbles, the indistinct outlines of which 
are seemingly due to the partial fusion of their edges into the 
once^nelted enveloping matrix. Further off, the pebbles become 
more distinct, the granular quartz ciystak still continuing, and by 
iegrees the whole rock passes into a comparatively unaltered con* 
glomerate. No. 2 is purple slate lying in a trough, and the grits 
and conglomerates 1' that rise from beneath are identical with mose 
of No. l,but, though so near, yet thicker; thus affording addi- 
tional evidence that on the west mde of the synclinal bend a part 
of these beds has been melted and used in the formation of the 
porphyry. The rocks marked V are also altered, even though, 
at the sur&ce, 600 or 700 feet distant from the porphyry ; still 
further evindng, in my opinion, not the mere intrusion of an 
igneous mass below for the spedal alteration of this conglomerate, 
but rather, that here, the rocks on this horizon, before the con- 
dunon of the Lower Silurian period, were partly melted and 
partly altered deep beneath the surface, and thus it happens that, 
exposed by denudation, mdted and altered rocks alike rise and 
£dl with tiie anticlinal and syndinal curves that affect the rocks 
of the country ; the porphyry itself having nothing to do with 
the production of these disturbances. 

Part of the conglomerate 1' (fig. 52) consists of slaty pebbles 
in a slaty matrix, the whole being affected by slaty deavage, re- 
markable on account of the pebbles being elongated in the 
of the deavage lines, and obliquely to the planes of 

Pebblbs elongated in the Lines of Cleavage. 




bedding, in accordance with which under ordinary circumstances 
the flat sides of the pebbles would naturally lie ; this arrangement 
being due to intense pressure, which, in all cases of slaty cleavage, 
caused the particles composing the rock to arrange themselves 
approximatdy at right angles to the direction of the force. In 
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this ofMi these effects are visible, the pebbles having been lengthened 
and flattened by the same pressure.* 

The higher part of 1' consists of green and purple grits under* 
lying green and purple banded slates 2' (=2) overlaid by a thick 
hard grit markea 3^ which thins rapidly out on the slopes above 
or else passes into slate by change of material fiy the lake it is 
overlaid by other bands of green and purple banded slate, alter- 
nating with grits, marked 4 and 5. Resting on these are purple 
slates, 6, underlying a band of thick-bedded grit. No. 7, which 
crops out on the woody crags at the western end of Yr- Allt-wen. 

By reference to the 1-inch mapf it will be seen that the Cam- 
brian beds above described first stnke northerly, and then curving 
east and south-east, abut on a fault that runs north from Llvn 
Fadam. The uppermost grit. No. 7 of the diagram, is overlaid by 
a great mass of purplish blue slate, No. 8, which, highly contorted 
and intersected by three principal north and south faults, forms 
nearly the whole of Yr-Allt-wen, extending east as far as a 
marked band of grit that strikes northward from Llyn-Ferie a 
little east of Pont-y-Bala. This band at Llyn Peris dips west 
beneath the '^ blue slate " which is thus, but for small interruptions 
oaused by faults, entirely underlaid and enclosed at the surface by 
the grit on the east, north, and west Above the ^'blue elate" 
there is by Llyn Padam a thin band of grit. No. 9 of the diagram. 
It curves contortedly up the south slope of Yr-Allt-wen, and 
resting on it are purple slates Na 10. 

The last and uppermost three divisions, all along the shore 
of Llyn Padam, are mere denuded repetitions of beds further 
east ; for the '^ blue slate " of Yr-Allt-wen is the equivalent of 
that of the great Dinorwic quarries, on the steep slopes above 
Llyn Peris, and the overlying band of contorted grit by Llyn 
Padam represents the thin band that at Llyn Peris lies close 
above the blue slate. Further the uppermost purple slate 10 on 
the shore of Llyn Padam is the precise equivalent of the highest 
Cambrian purple slate of the district, viz., those that lie between 
the thin grit ^ band on the map, and the green slate that imme- 
diately underlies the 1,300 feet of grit uiAt forms the ridge of 
Elidyr-fach. Such ia tJie section along the north shore of Llyn 
Fadam, an analysis of which unexpectedly shows that all tJie 
Cambrian beds of the Llanberis district are present at Llyn 
Fadam, with the exception of the uppermost green slate and tiie 
Cambrian grits of EUdyr^^fach that immediately underlie the 
Lingula beob. 
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* I fint obseryed this &ct in 1848, and in 1849 pointed it out to Sir Henry De la 
Beche and the late Professor £. Forbes, but for a time &ev wonld not admit what 
■eemed to them so noTel an idea. It was with mnch satis&ction that I afterwards saw 
a similar case described by Mr. Daniel Sharp, in his memoir '* On Slaty Cleavage," 
published in 1848. I did not, however, till the publication of Mr. Sorby's mmeoirs, 
understand the cause of this phenomenon, now so well established by his writinss 
and those of Dr. Tyndall. 

t78aK. 
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I flhall DOW ezplaua the Btrocture of the coimirj a little further 
north* 

Above the old tramway, half a mile west of EUdyr-ftch, there 
is a triaBgolar tract of grit (No. 6, fig. 64).^ An old road, kmg 
sinee eloeedj runs through it, and nearly in the midst stands the 
coitsge of Carw^lodan. At one of its southern angles it is &nlted 
agpunst the grit Ka 7, that lies beneath the '' blue slate" of Yr*Allt^ 
wen» Partly obsenred by drift this mass of grit eases the south side 
of the hill in the manner shown in fig. 64, and where unfaulted it 
dips on the south beneath the purple slates that in a eresoent form 
lie immediately north of Yr-Allt-w^iy and end in the middle of 
the little bay about the middle of Llyn Fadam. The purple 
slates immediately south-east of the Car^-ludan grit are the 
same. They oeeupy a triangular piece of ground about a mile 
long and half a mile wide, that lies between the grits and two 
CeiuUs that strike firom Llyn Peris towards Marchlyn-baeh, and 
where nnfanltedf resting on the Careg4udan grit, they underlie 
the narrow strip that runs along the eastern limb of the letter N. 
on the map. A south-west section firom Car^-ludan to Uyn 
Padam gives the following general arrangement of the strata. 
The nnmbers corre^nd to those in diagram Na 61.t 

%.54. 
^ Sacnoic peom Cabsg-ludak to Lltn Vada^lv* 



Na 5 represents the grit of Careg-ludan, and 6 the purple 
slatj series below the grit 7, which grit underlies the ''blue 
alate,'' Na 8, of Yr* Allt-wen. The fine dark purple shite quarries 
of Allt-ddn lie in the hollow near the outcrop of Na 5.1 The 
fisults mflrkftd / in the diagram are indicated on the map, but 
the others nearer Careg4udan are too small and dose to be 
notieed on the 1-inch scala They are all easteriy downthrows, 
^w%A in the hollow repeat the lower part of the strata No* 6 
three times. Hiese rocks contain certwi bands by means of 
which the fiinlts were deteoted by Mr. Griffith Ellis in ground 
otherwise very obscure. The highest beds, immediately below 
grit 7, are of purple date, beneath which is a thin band of calcareous 

• ThecqiiiTalaitofKo»5uiF]g. 52. Seeal»UiaehUapf1SS:Z, 

f The horixoDlal seale it 4 inches to a mile, the yertieal mcielj BkeCched. 

X Two ^nuiict were voiied in equralent badf hetweea ^itt 5 and 7 V9( <ft 

k2 
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Bandstone marked C, overlying a red slate marked B, which rests 
on a purplish blue slate F, lying on grit No. 5. West of the 
ground affected by the minor faults there are two large parallel 
faults marked /, running north from Llyn Padam, and crushed 
between them Ues a narrow strip of purple and green slaty rocks 
running right across Yr'-AUt-wen in an unexpected position, for 
these elites are the equivalents of the beds that immediately rest 
on ihe altered conglomerate that adjoins the porphyry (1 to 4, 
fig. 52). The purple slates (6) abut on the most westerly of these 
faults, as shown in fig. 54 at x • 

North of Careg-ludan, on the moor (Waun-gynfil) the rocks 
aie almost entirely obscured by drift, but several indications 
show it to be probable that the grits strike across the moor in 
narrow bands to the Penrhyn slate quarries, where, on the west 
side of the quarry, they appear in order similar to that above the 
lakes, but less disturbed. 

I have thus far explained the Cambrian section in ascending 
order, because the superposition of all the lower strata near the 
porphyry is easily seen by help of the railway cutting. The 
middle ground is difficult, but clear when attentively studied ; and 
the order of the upper beds, close by the thick grits of Elidyr- 
fach, again becomes plain when carefully unravelled. That the 
mutual relations of the whole of the rocks of the district between 
Llanberis and Nant Francon may be thoroughly understood, I 
shall now describe the beds in descending order, beginning with 
the overlying Silurian strata on an horizon a little below the 
equivalents of the Bala limestone. The section, fig. 55, passes 
from the peak of Y-Gam to the Bangor and Caernarvon por- 
phyry, near Llanddeiniolen, in a line N. 15° W. The numoers 
correspond with those in figs. 52 and 54. 

In descending order. No. 16 represents Bala grits and slates, 
highly fossiliferous, interbedded with two bands of felstone marked 
F, the highest of which it has been shown forms the lower part of 
the great mass of felspathic porphyry that forms the base of Snow* 
don (pi. 28, Nos. 2 and 3, and figs 30, 31). y is a line of greenstone 
intruded between the lines of bedding, and to the west of the in- 
trusive porphyry of Cwm-gafr (F) are beds of highly cleaved slate. 
No. 15, dark in colour, especially towards the base. No fossils have 
been found in them, but it is probable that the lower part, which 
rests on the Lingula grits (14) of E3idyr-fawr may represent a low 
part of the LlandeUo flags. The ferruginous slaty beds of the 
Lingula flags (13) are here faulted against the Cambrian grits of 
Elidyr-fach (12), and immediately underneath these is a band abont 
20 or 30 feet thick of ffreen slate^ which in this area is very con- 
stant, being invariably found under these grits in all the Caer- 
narvonshire sections. It is underlaid by the uppermost bands of 
purple slate. No. 10, and these are separated 6rom the "blue 
slate " (8) (nurplish blue) by a band of grit from 4 to 6 feet thick. 
No. 9, whidi is found precisely in the same position on the eastern 
side of the Penrhyn slate quarries in Nant Francon. 

' principal quarries at Llanberis are in the ^' blue alata " on 
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the ode of tlie hill north of Llyn Peris, and these beds are tlie 

frecise equivalents of the "blue slate" of Yr-Allt-wen, ftbove 
Ajn Padam, fig. 54. Its absolute thickneas at the quarriea 
in question is not very great, but the some beds (No. 8) being 
repeated by contortion, and the cleavage cutting through the 
whole nearly vertically, the body of slate appears to be much 
larger than it really is to those who are unable to detect fiunt ^gns 
of bedding unobliterated by cleavi^. An enlargement of port of 
fig. 5fi below X gives the following detiuls :^ 

West of the "blue slate" (8), between two faults dose together 
marked /,/x , is a long narrow strip of rocks which belong to the 
series marked No. 9, and are the equivalents of part of ue rocks 
indicated in the detuled section No. 53. 

Fig. 56. 



8. "Bine slate." 
/,/x . Faulta. 

6. Pnrple slate at the top. 

C. A liiuid of calcareous grit. * 

B. Bed slate. 
P. Pnrple slate. 

5. Grit, which is the equlTslent of those marked S in diagrsins Noa. S3 
and a*.* 

Westward of these faults, as shown in fig. 64, the strata 
marked 6 are repeated. In these beds the Allt-ddu quarries are 
situated, which, as already stated, are the true equivalents of the 
abandoned quarries above the north shore of Llyn Padam half 
way down the lake, and also of the Glyn quarries on the opposite 
shore. With sundry contortions they dip westward, on the north 
shore of the lake, and on them rests the band of grit (7) that runs 
from the western part of Llyn Peria to the north. It is thrown 
down by a small fault to the eaat, and, as shown in the section, tho 
same grit must run through the middle of Yr-Allt-wen oveiWd by 
the "blue slate " (8) on the top of the hilL West of this, between 
two faults that cross the hill from north to south, are purple and 

• It ia the prolongation of these faults on the opposite side of the late that throws 
in the strip of Lingula beds between the broken masses of Cambrian grit on Pen- 
Careg-Fnui. 
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banded green slates, marked 2 and 4^ equivalent to those that rest 
on the conglomerates of Clegyr. {See aUo fig. 52.) Between the 
faults and Clegyr the ^' hlue slate '^ (8) and the underlying grit 
(7) are agsdn rolled in on the surface in a synclinal bend, and 
westward of these the lower gr'.ts, conglomerates, and banded 
slates, Nos. 1 to 6, crop to the surface in succession. The top of 
Clegyr consists of slate lying in a trough of highly altered con- 
glomerate. No. 1. The above analysis shows that, as a whole, 
between the west side of Camedd-Clippiau and Cle^r the country 
as it now s'^nds lies in the form of faulted anticlinal and synclinal 
axes. The <' blue slate " (No. 8) which crops to the surface from 
beneath the great mass of the Cambrian gri;» of Elidyi^fach, rolls 
over to the westward^ and partly urdeunded, is caught on the top 
of Yr-All>wen, and rises on the western slope of that hill facing 
Clegyr. 

On the north-west side of the porphyi^^ (P) the conglomerate 
and ^t (1) and the lowest slates (2) are again thrown in on 
this Ime of section by a fault, small at this end, but gradually in- 
creasing on the north-east towards St Ann's chapeL The conglo- 
merate is well shown at Llys Dinorwig and on the hill of Dinas 
ll^Iawr above the railway, and banded coarse slaty beds (2) resting 
on them may be seen much contorted in the neighbouring 
railway cutting. They apparently lie in a trough, which widens 
on the north m the manner shown in the 1-inch map, and they 
are the equivalents of the lowest slaty beds that emorcle the base 
of Moel-y-ci, three miles to the N.E. The eastern boundary of 
the trough is certain, but that on the west is much obscured by 
drift. Beyond it to Dinas Dinorwig* there are thick beds of 
hard grit an^conglomerate (1), much concealed, but the general 
nature of which is shown on the banks of the rivet Sothell and 
oi%the Seiont. South-west of the river the country is equally 
covered, but wherever rocks in place rise through the drift they 
are grits and conglomerates. 

Between Dinas Dinorwig and Llanddeiniolen is the Aber and 
Dinlle fault already alluded to (p. 140). It will be more fully 
described further on (p. 162), but in the meanwhile it may be 
stated that being a very large downthrow on the north-west, its 
effect here is to throw m the black slates (13) agiunst the lowest 
Cambrian grit of the district, which in fig. 55 is marked rising in 
the hiO crowned by the old camp' of Dinas Dinorwig. It is, how- 
ever, likely that these black slates may be Llandeilo beds, which 
overlapped the Lingula beds before denudation, and here lie di- 
rectly on Cambrian grit. From beneath these Silurian slates the 
uppermost Cambrian grit (12) rises at Llanddeiniolen. This grit 
is veiT much altered, and adjoins the granitic rock (P) that runs 
from Bangor to Caernarvon. 

The foregoing description applies to the rocks at Llanberis 
north of the lakes, and as the ** blue slate " (8) is there most valu- 



* Slafy bedi appear below the Bonth-east ride of Dinas Dinorwig, bat tbcy are bo 
pooriy Bhowa and ao quickly lost nnder drift that it waa impoMible to trace them on 
the map. 
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able^ it will some day be of importance to know if it is continuous 
beyond the present Dinorwic quarries towards Marchlyn-bach, on 
the moor further north. In these quarries, as shown in fig. 56» the 
lower part of the " blue slate " is not reached, being cut out by the 
fault /x 9 against which it is thrown; and if that fault be followed in 
its probable northward continuation, it appears likely that for at 
least a quarter of a mile the " blue slate " is entirely cut out on the 
slope of the hill, there being no space for it between the fault and 
the uppermost purple and green slates that immediately underlie 
the grit beds of Elidyr-fach. If this be correct, it seems unlikely 
that the '* blue slate " (8) again rises to the surface till we ap- 
proach Marchlyn-bach, and the following section, drawn north- 
west from Elidyr-fach, gives the probable arrangement of the 
strata in descending order, at a point where the ^' blue slate " is 
cut out at the surface by a &ult. 

Fiff. 67. 

Section across the Cambrian Rocks prom Elidyr-fach to Mokl 

Rhiwbn. 
NtW. S.E. 

Moel Bhiwen. £Udyr-&ch. 




Cambrian. 




P. Porphyry. 1 Faolts. 

1. Conglomerate. 

2. Purple nlate. 

3. Grit 

4. Purple and green banded alate. 

5. Grit 

6. Purple slate. 

8. " Blue slate" (blaeish purple). 

9. Grit 

10. Purple slate. 

11. Green slate. 

12. Thick grits (1,000 feet). 

13. Lingula flags. 

On the south-east we have first, the base of the Lingula sUtes^ 
No. 13, overlying the uppermost Cambrian grits ()2), which rest 
on light green slate (ll), below which is a purple slate (\0) 
followed by the thin grit band (9), which in the quarries divides 
the upper purple and ** blue slate " (8). Here the " blue slate " 
is entirely cut out at the surface by the most easterly of three 
faidts, while its probable position underground is represented. 
Between the faults the lower purple slate (6) forms the surface, 
and further west the succession of slates, gnts, and conglomerates 
is continued down to the porphyry marked P. Beyond the por- 
phyry the same slates and grits are repeated on Moel Bhiwen 
by a fault. They dip easterly, are not specially altered, and abut 
on the porphyry by the increase in this direction of the same fault 
that in fig. 55 merely throws against it the conglomerate No. 1.* 

* The reasons for considering this boundary line to be a fault are explained, p. 163. 
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It 18 at present imposflible, without spedal exeavations^ to saj 
at what point farther north the ''blue state " may again crop out 
to the surface on its passage to the Fenrhyn quarries in Nant 
Francon, but with the imperfect knowledge that may be gleaned^ 
it seems probable that clear of the fiiults it may rise to the sutCm^ 
from an eighth to a quarter of a mile S.S.W. of the outlet of 
Marchlyn-bach, from whence, unless again cut out by drift-con- 
cealed faults, it may continue unbroken to the Fenrhyn slate 
quarries. 

If this inference be correct, then about a quarter of a mile 
N.N.E. of the efflux of Marchlyn-bach, the arrangement of the 
rocks generally, and the position of the upper slates in particular^ 
would be nearly as represented in the section that runs from 
Y-Glyder-fawr over Moel-y-Ci to the Menai bridge.* It must, 
however, be recollected that where that section crosses the moor 
of Waun-gynfil between Marchllyn-mawr and Moel-y-Ci the 
boulder-dnft is so deep that for more than 2 miles the position of 
the porphyry, slates, and lower grits, as laid down, was inferred 
from eraience obtained further to the north and south. Between 
the Lingula grits at Marchlyn-mawr and the base of the Cambrian 
grits (near Marchlyn-bach) there can be no heritation in drawing 
the rocks as they are shown in the section, but west of that the 
conglomerate TNo. 1 of fig. 57) is supposed to be obliterated by ex- 
cessive alteration. The evidence of this is certmuly imperfect, but 
from symptoms discovered between the Penrhyn slate quarries 
and St Ann's chapel, it seems to point in that direction.t 

In the midst of the turbary, on the north-west side of the por- 
phyry, a boundary line is drawn, already alluded to as a fault. 
It runs from Bryn Efail opposite Cwm-y-glo{ to St Ann's chapel,§ 
and the cross roads near Tan-y-Graig, | from whence it passes north- 
ward on the east of Gryrn to the higher part of Afon-y-gam and 
into the Aber river, where it probably ends against a north-west 
fault near Aber. The reasons for considering that the north-west 
boundary of the Llyn Padam porphyry is a fault are as follows : — 

On the north-west side of the quartz porphyry, near the village of 
liLinbabo, there are marked on the map four sets of beds of conglo- 
merate and grit, which I have stated are the general equivalents of 
the four conglomerates and grits that lie on the north shore of Llyn 
Padam, between Clegyr and Yr-Allt-wen (fig. 52). Though all 
dipping easterly, and on opposite sides of the porphyry, the succes- 
sion of strata near Clegyr and on Moel Bhiwen and Drysgol-fewr is 
the same. East of the porphyry, on Clegyr, there is a coarse con- 
glomerate at the base, overlaid by purple and green streaked slates 
mterstratified with three bands of grit West of the porphyry, on 



• Six-inch Sheets No. 31, line 2, and No. 8, €ig, 2. PL 28. 

t Fidd geologisU will readily understand how the mind often arriTes at probable 
eondnnona, d^fficnlt or impoesible of abaolnte prooi^ from a kind of eridence only 
appreeiaUe by thoae who have etadied and worked out a ooontry foot by foot 

t Haifa mile north-west of the efflux of Llyn Padam. 

§ At the entrance to Ivant Francon. 

H EviofBcthesda. 
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Moel Rhiwen and Dryegol-&wr, there is predsely Uie same w 
rangemeDt of strata, and the beda striking eouth-west and sontb, 
with an easterly dip, must abut on the porphyry towards Llan- 
baba Bat it may be said, why introduce a hypothetical fault, 
when the porphyry being intrusive may anywhere cut off part of 
the invaded strata, more especially since, on the opposite ude of 
the lake, porphyry and conglomerate pass into each other ioBensibly ? 
The reply is, uiat on the south-east side of the porphyry the grit« 
and slates, No. 1 to 6, dip easterly in such a way that if prolonged 
(in spite of such minor undulations as that of Cl^yr) they would 
still rise somewhat above the present surface of tne trap in the 
manner indicated by the dotted lines in figs. S5 and S7, and the 
fact that a set of beds appear dipping easterly on the west of the 
porphyry, the same in number, arrangement, and lithological cha- 
racter OS those on the east, affords sufficient evidence that the 
Rhiwen strata, from 1 to 6 (fig* 57), are the same beds repeated 
by a fault, which by the side of the river opposite Cwm-y-glo 
throws the lowest conglomerate at the surface against the por- 
phyry; and this fault increaung to the north-east, the purple 
and green slates. No. 6, and perhaps part of the "blue slate" 
below *, well up in the series, strike directly against it in the 
manner shown in the following dii^ram, at the fault marked/ 
Fig. 58. 
Sbction achosb THB CAMBRIAN RocKS AT Dkybgoi-fawb. 

N.W. &B. 

DrjvpA-timr. vMl tnd TuTtnrr. 



West of the porphyry, the same strata strike towards St Ann's 
chapel in Mant Francon, and as tbey appear to dip south-east, and 
OS their precise equivalents in the Fenrhyn slate quarries (the 
porphyry being concealed by drift) also dip in the same direction 
(fig. 60), the fault may be considered certtun. Across the river 
Ogwen, in the same nortVeaet line, the uppermost Cambrian grits 
(No. 12 of the diagrams) and the Lingula flags are found to be 
thrown down to the west by a fault of about 2,000 feet, and this 
concludes the evidence. 

Valuable slate beds may perhaps lie under the drift and 
turbary of the high plateau between Llyn Fadarn and Bethesda, 
but, without Mnking, there is no means of determining tbe pre- 
(use nature of the beds marked * (fig. 58). Probably tbey are 
little more than 100 feet thick. Their position proves that the 
lower beds belong to a high part of the purple strata that underlie 
the " blue slate," and it seems not unlikely that some of the latter 
may also lie in the apace west of the fault; but whether tbey 
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oocur there or not, the drift is 00 deep, and the shape of the ground 
is generally 00 unfiivoorable for quarrjing, that, at present, it seems 
unlikely it will be tamed to use. 

The Drysgol'&wr strata (Nos. 2 to 5) are repeated on Moel-y- 
Ci, rolling over in a gentle anticlinal , and rising in a sjmclinal axis 
on the north-west ride of the hilL At its base the lower conglome- 
rates (No. 1) rise to the snrfiu^, and Continue fts far as the Aber and 
DinUe Aitdti along whiCh Lower Silurian strata are thrown down 
on the north-west against the lowest member of the Cambrian 
strata in Caemarronshire, in the manner shown in fig. 55.* 



CBAPTESL XXL 
Cahbeiah BoCKS^eantinued. Kakt F&akcoh; the VaIiLet 

Olf THE OgWEK. 

The Cambrian section on the Ogwen between Kant Franoon 
and Bangor is essentially the same as that in the Pass of Llanberis^ 
but simpler^ for the strata are less faulted and contorted. The 
rocks wliich by the lakes of Llanberis occupy a breadth 6t 2\ 
miles^ here« dose to the Penrhyn quarries^ lie in a breadth c^ 
littie more than half a mile between Bronllwyd and St. Ann's 
chapel (figs. 59 and 60). North of the Ogwen^ near Llanllechid, 
the structure of the country is even less complicated^ for many of 
the fiiults that break the strata further souw cease at the river, 
and, the porphyry also being absent^ there is an unbroken ascending 
section nrom the lower Cambrian conglomerate to the Lingula 
beds near Bethesda, east and south of laianllechid (fig, 61, p. 158) 

Peitrhifn Ctutrriei and the Valiey of the Ogwem. 
The details of tiie stractore of the country are as follows : — 

Between Hcatentonef and the Penrhrn qoairiea deep bonlder-drift oon- 
imuei to hide the rocks^ The general position of the aUte is, however, 
unmistakeably indieated by tiie unbroken strike of the grits of Bronllwyd. 
Looking to the S. W. 9^ the Penrhyn slate quarries, the strata lie generally as 
thrr are drawn in the diagram on the next page4 

The numbers of the beds correspond with those of the Llanberis q[names 
The grits of Bronllwyd (No. 12) dip nearly east at an angle of about 60^. 
The usual green slates (No. 11) crop from underneath. These are succeeded 
by the upper purple ^te (No. 10) separated by tiie thin bed of grit (9) from 



* Also 6-inch seetions, sheet 31, line 1, and l-inch map. 
t Half way between the LUnberis and Penrfayn quarries. 

} The scale not befaig measared, it most be looked on as a sketch, and not ai a tnie 
aection. It is heciaontally aboat 5 inches to amile. 
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Sbction op tbk Penbhyn Slatx Quarbibb. 
Bronllwyd. 
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tiie " blue alate " (H), the colour of which becomea more purple towwds the 
beds near the bottom of the qiuury. Under this is the grit (7} equiralent 
to the grit that underlies Yt-ADt-wen at lAjn P&dun, Beneath it, in the 
venr bottom of the quany, is the purple slate (6). Part of these strata, 
including a portion of the "blue slate, curves over to the west in an autd- 
clinal axis, and immediately rises in a nunor sjnelinal curve, so that besides 
formiog the greater part of the quarry on the east, a part of the " blue slate " 
abo occurs in the terraces on its western side. For. a apace ^e gnt No. 7 is 
exposed in a curving line in the bottom of the <juarrj. Its outcrop and that 
of the lower slate (No. 6) are supposed to be hidden by the rubbisn ftom the 
quany, which, with the drift ana alluvium in the valley, conceals the uprise of 
uie quartz porphyiy towards St. Ann's chapel. It is probable that tbe lowest 
green and banded purple slates and conglomerate of the Llanberis section are 
here cut out by the occurrence of the porphyn higher in the Cambrian 
series than the beds which pass into it on the shores of Llyo Padam. 
West of the porphyry on the moor the order of the rocks ha« uready been 
explained (p. 154]. 

A general section drawn troai Cwm-^;raianog across the slate quarries to the 
neighoourhood of Ltyn Cororion * gives the following arrangement of the 
strata on tbe left bank of tbe river Ogwen, from the Lingula flag down> 
ward.t (Fig. 60.) 

No. 16 rfpreaents tbe base of the Bala beds, and perhaps the black slates 
of the Llandeilo flags; Noe. 14 and 13 the Lingula grits and slates; 12 to 
6 the strata just described in the Penrbyn quarries, below which is the quarti 
porphyry P. Between the faults a and b the usual succession of purple slate and 
grit occura down to the conglomerate No. 1, which is probably not far beneath 
tAe surface at b. Between tbe faults b and c pert of tne same grila, and green 
and purple banded slates tram. 2 to 6, are repeated in an anticlinal curve, 
which widens on the south-west bv FJynnon-hach, as shown in the 1-inch 
map. Between the feulta c and d tne purple and banded slate No. 2 is again 
let m in an itregnlar space. The trigonometrical station above Pont-y-Coe^nor 
■tands on it. A narrow strip, about a mile in length, of the basement con> 

S'omeAte (No. 1) is then let in between two faults, d, e, downthrows on 
e sonth-^at and north-west. Pen-y- garth stands on it. The fault e agun 
throws in the purple banded slate No. 2, troai beneath which the conslomentea 
(No. I) crop out in regular succession as far as the Aber and Dinlle tvHtf, 

■ 2^ milrs 8.8.E. from Bnofcor, 

t It corresponds to the 6-inch sections, Nos. SS and 31, and plate S8, fig. 3, fWim 
Snowdon to Dinas, across the Llanberis coontiy, and to diagram No. fis, p. 149, on 
the S.E. side of the lakes, and at a glance bnngs the positions of the same beds 
iMfore the eye in the nearly parallel valleys of the Ogven and Uanberis. 
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wben Lower Kfanian bedi ue thiawn in on „ 

the west near ^n Corarion. m 

On Mod-j-G and in the neighboiiifaood «£ - 

the raUer of the Ofpren Kmoidlf then ia a ^ 

oonaidenole ntodifieation in the litfiol^ical ^ 

d)aiaeler<rf the Camhrtanroeka,compaKd with - 9 

tfaoae of Llanberia. Some of the alatea be. g I 

eome mndi more taiHljf, and oceaaiooaMy abao> 3 -^ 

hitdj pass into gnU, ao that the aection differa % a 

in the details of ita lown memben from the o j 
trpe aectiim at Uyn Padan. Thna on the top 

« Hod-j-Ci there ia a bed of eonglomerate ^ . 

and grit unknown on Diyagol-ftwr, but ■'> J^ "& 

e^[niralent trf which may pe^fw be conciealed a A 

dipping towaids the porphyry bqieath the S £ S 

tonafy. In spite ot local Tatialioiu, howerv, ■ M S 

a glance at the map, with the aanatanoe ot the E ■^s 

[ rece din g diagrama, will Aow that aa far north ^ * 

aa the Ogwen the detailed atrnctnre of the < "a 

eouutry may be diMected. Beyond the Ogwm, ^ li 

on the out, the more aimple amagement at ^ "^ 

the rocks reaeinUea that ■outh-weat of Uyn h . <> 

Padan, above the porphyiy, and, thou|;h mnch j g 

obacored br drift, I believe I mcceeded in .% □ 
aceorately laying down the general distribntion S K ^ 

of the rocke ronnd Uanllecfid. Aa this is alao a.x'^ 

a eonntiy that has been worked for slate, 1 i£ >* x 

ahall deroteafew paragr^hg to the expUnation m § 

of ita stractore. ^ » 

llie nppamoet Cambrian grits of Bronllwyd * 

atrike north aaoM the Ogwm behind the ham- S a 
let of Tan-y-graig, dipping a Uttle sonth of east 
at uiglea of about 6(P. {Sn Map 78 S.E.) 
Being thrown down to the west I^ Uie Biyn 
Efiulaad Aber river tanit, they spread westward 
to Betheeda (sometimea called Glan Ogwen), 
over a space more tiian half a mile in width, 
rinng in an arch, the top of whidi being partly 
denwied a portion of the npper green and pnt- 
ple slates reach the sorfitce in the form of half 
in oval, betwceD the turnpike road and the 
Dortb-weat fault. (Fw. 61.) This fault pasaes 
down the coarse of the river from the bridge 
above Betheada to Pont-y-Coetmor, and may 

be tamed the Onrcn holt. Being a down- £ "fi ~ '? 

throw on the N.E., it throws the uppennost ^ i I'l^ 

grit opposite Bryn-llys against the lower ila^ ^ a * ^ 

aeriea that lies beneath the turbary. A little | S — - 

beyond, on the right bank of the river towards o "t 

Coetmor, the lowec part of the lows grits "- aa S 
•odated with the lower porple slates follow 

a enrved and ftinlted hne, as shown on the map br Uanllecfaid, and abut on 
the Aber and Dinlle fault near the house called iVn-y-marian, about 2 miks 

S.E. of Bangor. Hie above description will be made plainer by reference to 
the following Une of aection drawn close on the right bank of the Ogwen ttam 
Felia CochwiUan* to Bwleh-hela,t in which the anangement of the strata 
asfonowB{Fw. 61):— 

From Bwli£-hela to Tan-y-graig the lingnla grita (14) and slates (13), and 



■ Of^oaite the 9Tth mUestone mi the HtdyhMd road, on the risht bank of the 
t AmOeandahalfaaUh^astofBethcada. 
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the Cambrian grita (12), and slakes, pro* 
bably as low as the " blue slate ** (8), 
retam the same general position that 
thej have at and above the Penrh^ 
quarries. The ground hj Tan-y-giaig 
is partly obscured by dnft, but I nave 
no doubt of the existence of true GanL* 
brian slates in a narrow space about a 
fifth of a mile in width between Ogwen 
bank and the country a quarter of a 
mile N.N.E. of Ciltreflys, where it is 
cut off by the Biyn £^ and Aber river 
fiftult, which here throws the black lin* 
gula slates aranst it on the east bank 
of Afon-Fridd-lAs, a little above the 
Penacneddr road. The rocks are thus 
partly repeated, and in the line of seo* 
tion the grits (No. 12) roll over in an 
arch in the centre, again bringing the 
unper purple slates to the surfs^ at X . 
ll^e dOth milestone must be about the 
middle of the curve. Cropping again 
to the west in the town of Bethesda^ 
the whole of the rocks, including the 
green, upper purple, '^ blu^" and part 
of the lower purple slates rise between 
the town and the boss of grit No. 3, on 
which stands the ruinea mansion of 
Coetmor. Certain of the intermediate 
grits below the '* blue slate ** seem here 
to be entirdv concealed by drift, or else 
(more probably^ they have thinned away, 
or their equivalents have become slaty 
in texture, so that the grit on whicn 
Coetmor stands is in the midst of the 
lower purple slates, and nrobably repre- 
sents the grit marked P^o. 3 on the 
shores of Oyn Padam and on PirsgoU 
fkwr. (Rgs. 62 and 68.) 

Coetmor stands on the centre of an 
arch of grit, dipping east, north, and 
narth-w^,. and the lower part of the 
slaty beds that rest on its eastern dip 
curve round a little nor^ of Coetmor 
{see 1-inch map), and lie in a synclinal 
trough nearly a third of a mile in width 
between the grit on which the mansion 
stands and the road leading down to 
the bridge across the Ogwen called 
Pont-y-Coetmor. Here the same grit 
rises with a south-eastern dip, strikmg 

S' Coed-isaf to Uanllechid, and from 
ence by Rhiw-gooh to the Aber and 
Dinlle fault /♦, on the west of which 
Lower Silurian rocks (16) are thrown 
in. Underneath it the lower part of 
the purple slates (2) crop out. They 
rest on the basement conglomerate (1), 
and are generally veiy sandy, and 
sometimes almost gritty in qutuity, re- 
presenting in part some of the lowest 
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* Three miles ilS.£. of Bangor. 
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beds id ffni that lie north-east of Moel-y-CL To explain the natuie of these 
loeal vanations, I may recall the &ct tliat, whereu hoth the middle and upper 
ffrits and oonglomerates thin out and di«ippear on tiie south between Llaa- 
oeris and Bettws Grannon, the opposite result takes place in the extension of 
these strata from Uanberis northward* several new beds of grit appearing 
between the lakes of Uanberis and the Ogwen. Again, that oertain grits that 
are separate on the west seem to coalesce on the east side of the river, either 
hj a t hinning of the intermediate slate or bj its assuming a more sandy 
texture. This is espedallj characteristic of the rocks east and north of 
Moel-y-Ci, as for instance near Waun-hir, where sandy slates become rapidly 
mingled with thin bands of conglomerate, which as rapidly disappear, pro- 
bably evincing the shallowness of the water in which the original sediments 
accumulated. 

The countiy for some miles north and north-west of Betheada is generally 
so deeply covered by drift and boulders that it is impossible to unravel its 
details with the same accuracy as in the section last deseribed* Possibly 
oertain beds of grit occur between the purple and blue slate qusrries north or 
north-east of the Holyhead road, and these grits may crop up to the drijft in 
tiie great triangular space coloured as slate on which Llanllechid stands. 
However this may be, the following diagrams will explain all the larger 
relations of these rocks north of Bethesda. 

1^.62. 

Sacnoif ACROSS the Cambrian Slates, &c., near Llanllechid. 
w. g 

K«arX4jB-j<«wyn#. Ogwen. North of Llanllechid. Uefii. 

Much drift. 










15. Llandeilo and Bala beds l 

14. Tiingnla Grjts ISilnrian. 

13. „ Slates J 

12. Grit . 

4 to 12. Pmple and " blue'' Slates, &c. 

3. Grit Y 

2. Foiple Slates | 



Csmbriaa. 



1. Conglomerate 
/. Aber and Dinlle findt 

This section is drawn on an east and west line from the Lower Silnrian 
slates of Llefn,* to the ndghbonrhood of Llys-y-gwynt, aboot 2 miles S.S.E. 
of Bangor. Below the Lii^rnU grits and slates (14 and 13), the Cambrian grits 
(12) crop ont, firom underneath which, on the west, the ordinary gieen^ "blue," 
and purple slates (4 to 11) rise towards the suriace, obscured by drift; and as 
they occupy a broad space north of Llanllechid they probably roll to the west 
in the manner shown in the diagram. Beneath these are the lowest grits, 
porple slates, and conglomerates (3 to 1) in the bed of the Ogwen. Lower 
Silurian strata (15) are as usual thrown in by the Aba fiuilt (/) against the 
lowest Cambrian strata of the district. Much of the section is obscured by 
drift. 

A glance at the map will show that the uppermost Cambrian grit strikes 
from Bethesda for about 3 miles a little east of north, dipping easteriy at an 
angle of about 45^. It then bends over to the north and west in an anticlinal 
curve, which, if entire, would form a kind of half dome, but the oval continu- 
ation of the grit being thrown down by a north-west fault which passes 
across Moel T\^on, the purple and green grits and slates abut on the Lmgula 
flags of Fridd-y-Fedw. On the northern side of the anticlinal line, the 
Cambrian grit, much contorted, occupies a space of about half a mile in breadth, 
and striking westward about a mile, it abuts on the Lower Silurian beds on 
the line of &e Aber and Dinlle fiiult, a little south of the third milestone on 

* About a mile east of IiIaBlle«bi^ 
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the Bangor and Aber road. The arrangement of the rocks is approximatelj 
represented in the following diagram, which rmis north from Moel Faban 
across the turnpike road about 3^ miles east of Bangor. 

Fig. 63. 
Section from the Bangor and Aber Road to Moel Faban. 

N. Biyn-Adda. MoelFtibML 8: 




i^ 



TP 7 TO 



15. Llandeilo and Bala beds. 

14 and 13. Lingula grits and slates. 

12. Cambrian grits. 

11 to 7. Green, purple, and *< bine '* slates, which bending oyer in an anticlinal axis 
throw in the grits No. 12 on the north, together with a small part of the 
lowest beds of the Lingula flags 13', in a triangular space bounded by Jan'rallt. 
ISee Map 78 S.E.) 

/. Aber and Dinlle fiiult 

In Nant Francon, the part that corresponds to the Cambrian 
rocks of the Snowdon section, attains a thickness of about 2,000 
feet The lower part of the strata below Moel-y-Ci being added 
gives altogether about 3,000 feet, of which from 700 to 1,000 feet 
consist of slaty rocks, some 300 feet of which are coarse and sandj. 
In neither section do we reach the base, which is cut off either by 
the quartz-porphyry or by the Aber and Uinlle fault, but, as far 
as the beds are known, coarse grits and conglomerates form by far 
the larger proportion of the series. These coarse beds increase in 
quantity as we proceed from Nant-y-Uef • northwards to Nant Fran- 
coD,t partly by passage of muddy into sandy and gravelly sediments, 
and on the wnole these coarser sediments roust be considered as 
typical of the Welsh Cambrian strata, both in Merionethshire and 
Caernarvonshire. In the 8,000 feet of these rocks in Merioneth- 
shire there is very little slate, and even the 700 or 1,000 feet of 
interstratified slaty beds in Caernarvonshire are quite subordinate 
to the grits and conglomerates. 

The capricious variations in the lower part of the Caernarvon- 
shire Cambrian strata, coupled with the presence of so much 
coarse conglomerate in the lower beds, indicates the existence of 
land, probably not far off, during their deposition. The structure 
of this land may be partly inferred from the nature of the pebbles 
in the conglomerate, which" are waterworn, and consist of purple 
and black slates, quartz rock, felspathic traps, quartz porphyries, 
and jaspers. The vast thickness of the Cambrian rocks of Merio- 
nethshire and Caernarvonshire tells of the waste of a great territory 
by which the sediments were formed ; and furthermore the country 
from which the pebbles in the conglomerate were derived must 
have resembled in some respects North Wales as it now stands, 
but except in these pebbles no trace of that land remains in or 
near North Wales. 

* Map 75 N.E. f Ma^ 78 S.E. 
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CHAPTER XXn. 

Th£ BoCKfl BETWEEN BaNGOB AND CaEBNABVON. 

General Description. — It has been already stated (p. 140) that a 
great fault runs from Aber to DinUe on the coast of Caernarvon 
Baj, which throws Lower Silnrian strata down on the north- west 
against the lower parts of the Cambrian beds of Llanberis and 
die OgwcD. Lithologically these Silurian rocks bear some resem- 
blance to theLingula beds, but thefossils thathave been found in them 
seem rather to belong to the Llandeilo flags. They are exceedingly 
scarce, and consist, near the bath-house below Penrhyn Park, 
Bangor, of a single specimen of Belleropkan perturbaitis, and on 
the Seiont opposite Caernarvon of a few indeterminable fragments 
of a crustacean, and some poor specimens of DidymograpsuB Mur^ 
chiMontE, When the country was mapped, the rocks which rise 
from beneath these strata near Bangor were considered as Cam- 
brian, which, in spite of alteration, they in many respects mach 
resemble. The subject is therefore surrounded with some diffi- 
culty, for in Wales the Lingula flags have generally been con- 
sidered conformable both to the Cambrian and Tremadoc and 
Lilandeilo strata. But from the almost complete diflerence of 
species found in the Lingula flags and in the overlying strata, 
and also because the Llandeilo beds in Ireland lie unconformably 
on Cambrian rocks, I have been led to believe that the supposed 
conformity of the Llandeilo on the lower strata in Wales is 
deceptive.* If, then, the black slaty series of Bangor and 
Caernarvon are of Llandeilo age, and if the altered rocks of 
Bangor be Cambrian, then, unexpectedly, about 2,000 feet of 
the Lingula flags of Nant Francon and Llanberis have thinned 
away in a space of 3 or 4 miles, or, what is more likely, they 
have been overli^ped by an actual unconformity, for it is ex- 
ceedingly improbable that Llandeilo fossils go down into the 
horizon of the Lingula flags. If, on the other hand, neither of 
these hypotheses be true, the so-odled Cambrian rocks of Bangor 
(and perhaps of all Anglesey) are merely metamorphosed Lower 
Silurian strata, for the most part or altogether of older date 
than the Llandeilo beds. I think this, however, so highly impro- 
bable, that, coupled with what I know of the behaviour of Silurian 
rocks in Scotland and Ireland, I have scarcely the shadow of a 
doubt that in the Menai Straits, in Anglesey, and perhaps in 
Lleyn, the Llandeilo and Bala beds have overlapped the Lingula 
ftigs and lie directly on metamorphosed Cambrian strata. 

The altered strata near Bangor are for the most part, like the 
Cambrian strata elsewhere, purple and green in colour, often 
schistose, chloritic, and frequently conglomeratic. On the whole 
they dip easterly, and through them, between Bangor and Caer- 

* See my Amuyennry Address to the Geological Society, 1863. , 
6348. L 



162 THE GEOLOaX OF NORTH WALES. 

narvon, there rises a great mass of rock^ consisting of a mixture 
of felspar and quartz, which on Twt hill behind Caernarvon 
forms a distinct binary compound, that but for the absence of 
mica would be true granite. Its occurrence is clearly connected 
with the metamorphism of the adjoining strata, which towards 
Caernarvon it fairly cuts out, in a manner which I can only ex- 
plain by the metamorphic alteration of the stratified rock itself 
beyond the point of fusion when the whole lay deep under ground, 
during part of the Lower Silurian period. 

On the north-west this mass is bounded by a north-east fault 
running parallel to the Menai straits, and throwing in unaltered 
Carboniferous limestones, conglomerates, sandstones, and shales 
against the granitic rock. The conglomerates contain pebbles of 
the altered rocks, and other neighbouring masses. All the altered 
rocks of the district were therefore metamorphosed before the 
deposition of these Carboniferous strata. Indeed I have no doubt 
but that the alteration was effected before the deposition of any of 
the Upper Silurian strata, and there is reason for believing that 
the metamorphism, both of Cambrian and Lower Silurian rocks^ 
took place during the Lower Silurian period itself. 

Faults. — Like most of the lai^er faults of Caernarvonshire^ 
Anglesea, Merionethshire, Montgomeryshire, and Shropshire, 
this and the other great fault a few miles inland run north-east 
and south-west, and their courses are exceedingly straight. 

Without careful examination the Aber and Dinlle fault might escape detec- 
tion, and it has sometimes been supposed that the Silurian rocks on its north- 
west side form a lower series of Diack shales, dipping under the Cambrian 
conglomerates of Llanberis. Closer observation, however, shows that in some 
places the black shales dip away from the Cambrian rocks, as at Llanwnda 
south of Caernarvon, and at places south of Bangor they dip towards them, 
and further, many of the Cambrian and Silurian oeds strike more or less at 
each other. These circumstances led Mr. Selwyn first to infer the existence 
of this fault, an inference corroborated by myself, when in mapping the 
details of the Cambrian strata I detected the northern and westward curve 
of the grits and purple slates north of Llanllechid, and their disappearance in 
the line of fault at a point where, following the strike, if not cut off, they ought 
to be found trending towards Llandegai.* As already stated, still further 
proof was obtained by the discoveify of Lower Silurian fossils in the black 
shales near Caernarvon and Bangor. 

These Silurian rocks are, however, a little difBorent from the ordinary type in 
North Wales, owing partly to differences in original materia], partly to less 
thorough consolidation of the rock, and the comparative absence of cleavage. 
These give to the Silurian beds between Bangor and Caernarvon more of a 
shaley uian a slaty texture. 

This repetition of these Silurian beds being admitted, it becomes apparent 
that the present structure of the country is the result of the denudation of a 
faulted anticlinal curve in the manner shown near the river Rothell in fig. 3, 
pi. 58, and in diagram. No. 55, p. 149. More perfect relics of this bend are 
found in the arch of Cambrian. and Silurian rocks north of Bethesda,t the 
side of which Um the north-west) has been cut off by the same fault. The 
arrangement oi the linffula beds affected by this arch between Moel- Wnion 
and Maes-y-gaer, near Aber, is so very remarkable, as a piece of physical 
geolop[y, that I shall give a special description of it, by the help of tne map 
(fig. 64). The same coarse grits with the overlying slates are repeated five times 



* A mile aS.E. of Bangor. f See Map 76 K.E. 
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in compattmenta foimed bj firs Dortii-wvrt hmtia thit intawst thi eoonliy 
between the Dinlle uid Abn Ikolt mnd that irtiiiih nuu between the Abn linr 
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The Beaded space h represents the bine and purple slates, and the dotted 
bands g the Cambrian grits of Brjn Adda ana Bethesda that overlie them. 
The blank portions / represent the Lingula slate; the remaining dotted 
spaces e' stand for the Lingula grits ; and s shows the place of the Silurian 
beds abore that horizon. The cause of the peculiar arrangement at the sur&oe 
of the Lingula grits a, b, c, d, e, and of the overlying slates, must be owing to 
the whole mass naving sloped downwards in an underground pointed anticlinal 
form, somewhat like half a cone, the apex of which was directed to the north- 
east, and different sections of it had been shifted and heaved up and down as it 
were in stages to certain levels between Woel-Wnion and Maes-7-gaer hy four 
faults, the form of the ground having since been modified and the grits exposed 
by denudation. The whole must be looked on simply as the sbittered con- 
tinuation of the great broken curve, the anticlinal axis of which passes Maes- 
y-gaer near Aber, through Llanllechid and Moel-y-Ci, towards the entrance of 
the Pass of Llanberis. 

If we attempt to restore the curve above alluded to, we get approximately 
the amount ox the throw of the Aber and Dinlle fault in places where, like 
those crossed by the Snowdon and Glyder-fawr sections * the data are tolerably 
perfect. To approach accuracy in this estimate certain considerations must be 
attended to. 

It is plun that the quartz-porphyry of Llyn Padam is of later date than the 
Cambrian rocks, for the reason that they pass into it by metamorphiam. 
It will in another place be shown that this alteration was probablv of Xower 
Silurian date, but m no sense were masses of porph^, like that of Llanberis, 
the cause of the faults and contortions of the Cambrian and Silurian strata, for 
they themselves partake of the contortions and are affected by^the faults. The 
curves, for instance, of the beds of conglomerate and slate on Clegyr above 
Uyn-Padarn, spread half across the porphyrv, and other like cases, give obvious 
hints that the molten mass was not protruded vertically like a great dyke, but 
rather that part of the strata once spread closely across its present surface, 
perhaps somewhat as it now stands. If so, then by restoring the denuded 
strata in a broad anticlinal curve in the manner shown by the dotted lines west 
of Dinas (Section 3, PI. 28), we shall find that the Silurian beds have probably 
been thrown down on the north-west about 2,000 feet ; and if we apply the 
same sort of measurement to the Glyder-fawr section (No. 2, PI. 28, Horizontal 
sections, sheet 31) only 4 miles off the throw increases to between 4,000 and 
6,000 feet. If the Bangor and Caernarvon Silurian beds be Llandeilo flags or 
Bala beds, and if there be unconformity between these and the Lingula flags 
and Cambrian strata, so that the former are overlapped, then in both phuxa 
the fault may be still approximately of the same amount. 

North-west of the halt ^t is mingled with the Silurian shales, but it 
has nowhere been found to he in one long band at the top of the Ldngida flags, 
like that which runs firom the Pass of Llanberis to Aber. 

Much of the shale is black, ferruginous, and micaceous, but the rocks 
of the countiT are much concealed by drift. A short s^^on is exposed 
between Llanddeiniolen and Dinas Dinorwig. A tolerable section is also 
seen at Caernarvon Castle, and here and diere on the banks of the river 
Seiont as far up as the turnpike bridge. The rocks there consist of black and 
dark brown slaty micaceous shales with occasional sandy beds, sparingly fosaili- 
ferous (p. 161). A greenstone dyke lies in the line of bedding by the bridge and 
hardens the strata at the points of contact. Similar black shales were proved 
under the drift in a searcn for coal in the year 1848 between Coed-mawr and 
Pantre Seiont bv the misdirected industry of certain speculators led by a 
"practical man,^' himself misled by the bUick shaley character of the rock 
and the wetness of a soil fertile in rushes, like many of the true coal-measure 
shales. 

Metamorphic Cambrian Rocks, — ^At a point immediately west of the Penrhyn 
Arms at Bangor metamorphic Cambrian rocks rise from under undoubted 
Silurian strata. The boundarv strikes about S.S.W. to Cefn-mawr, and from 
thence south-west to the neighbourhood of Llanddeiniolen. Along this line the 
overlying Silurian beds at their base consist of fine dark grey slaty micaceoua 



* Bix*inoh Sections, Sheets S8 and 81. 
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griftp Ytrj hard and altered^ and so broken up by innumerable joints croesing 
each other irregularly that it ia almost impossible to obtain a dear fracture. 
The best sections of both occur near Bangor. 

The reasons that induced Mr. Selw^ and myself to consider the underlying 
metamorphio rocks as altered Cambrian were aa follows* : — 

It has been shown that in places the Cambrian rocks f have been much 
altered near the quartz-porphyry, lliis alteration becomes so decisive in 
Glynllifon Park and its neighbourhood (Map 75 N.W.) that it is difficult to 
separate quartz-porphyry from altered ^t, the feLspathic base of the stratified 
rode often giving the impression that it has undergone Absolute fusion like 
acme of the roclu of LJyn-Padam. If the rock were well exposed, probably 
every stage between poiphyiy and grit might be observed, between the western 
aide of the porphyry ana the sea. Much of the altered strata between Bangor 
and Uanddeinioien greatly resembles the Cambrian rock of Glynllifon, and 
this, taken in connexion with the north-western downthrow of uie Aber and 
DinUe &ult suggested that the Bangor rocks were a repetition of the Cambrian 
strata in a highly metamorphosed condition. 

In 1854 I described these rocks near Bangor (Horizontal sections, sheet 31) 
aa ** green and purple grits, conglomerates, and slaty beds, generally much 
** altmd. ♦ ♦ ♦ Tney are hard and flinty, of a chloritic green colour, 
" fracturing with small uT^^ruIar joints often coated with chlorite.'* Good 
local sections may be seen along the shores of Menai Straits south-west of Garth 
Point, — in the turnpike road and field quarries south-west of Baziffor, — on the 
hills east and south of the town, — and in parts of the grounds of Perfeddgoed. 
In aU these places the slaty beds are hard and splintery, sometimes purple, but 
generally of a chlorite green colour. The grits are often of the same hues, and 
granularlj crystalline luce those of Glynllyfon Park, and the bedding, especially 
near the igneous rock, is obliterated. Above the town, the clifEs, without dose 
examination, might be mistaken for trap. The structure of the conglomerates 
that form part of these rocks was well shown in the heaps of rubbish thrown 
oat at the mouths of the shafts that were sunk during the formation of the 
railway tunnel. Like those of Llanberis and Mod-y-Ci, they consist of rounded 
pd>bla of quartz, quartz-rock, felspar-porphyry, ^uartz-porphyrr, nurple sand- 
stone, blue and black slate, and green and red jaspar ; and aa I ao not know 
audi a conglomerate in any of the Silurian strata of Caernarvonshire, while it 
oocnrs '])lenttfu]]y in the lowest Cambrian rocks, it gives another reason for 
oonsideEing the Bangor beds aa of that age. 

Otker Strata on Menai Straits, — ^There is but little to add respecting the 
rocks of this part of Caernarvonshire. 

A triangular natch of black sandy micaceous Silurian shales occurs at Bangor, 
let into the miost of the metamorphic strata by two &ults, and bounded on the 
north-east by the sea. These faults probably join near the railway station, and 
seem to continue in one line for sevenl miles along the straight valley through 
which the Caernarvon road passes. Another great north-east frnilt, already 
alluded to (p. 162), cuts off the whole Silurian and Cambrian series from the 
neighbourhood of Garth point, Bangor, to Caernarvon, throwing down on the 
north-west rocks of the Carboniferous series (Section 3, PI. 38).^ These lower 
Carboniferous rocks, coloured blue in the map, are partly of the ordinary lime- 
stone type, but a great proportion of them are composed of shales, yellow 
sandstones, and quartz conglomerates more or less calcareous. They were 
probably formed in a sea, comparatively shallow, not frff from shore. Under 
the limestones at Menai bridge, beds of deep red marl occur associated with 
quartz-conglomerates, and the other beds with which they are associated seem 
to indicate* that they belong to the Carboniferous series. Indeed through* 
out the Carboniferous rocks of Caernarvonshire and Anglesey red beds are 
not uncommon, for on ti^e shores of the Menai between Caernarvon and 
LJanfrkir-is-gaer, and on the opposite shore between Menai-fron and the ferry 
house, there are red marls so bright in colour that they were originally mis- 



* This gronnd was chiefly mapped by Mr. Selwyn. 

t Two miles south of Caemarron. 

t H^s 78 8.W. and &£., and Horisontal Sections, sheet 28, tine 1. 
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taken for New red marl hy perflons not minately acquainted with the stru c iuw 
of the neighbourhood.'*^ 

Underneath them at Llanfair-is-gaer there is a mass of conglomerate of a 
shingljr and beaoh-lUEe character, more particularly described at page 200. 

Igneous Rocks. — The crystalline rock associated with these metamorphic 
strata consists principally of nuxed felspar and quartz, sometimes well crystal- 
lised. Apparentlr there is in it more free sihca than in the Llyn Padam 
porphory. Its lithological character, as a whole, is intermediate between the 
quarti porphyry of Llyn Padam and the ffranite of Anglesea« 

Three masses of greenstone are intruded into the shales south and south- 
west of Caemanron. The principal one, more than a mile in length, lies 
between LlanfisglMi and the tram-road. It is one of the most beautiful green- 
stones in Wales, and consists of finely dereloped crystals of felspar and horn- 
blende idth a little iron pyrites. Some of the ciystals of hornblende are mon 
than an inch in length. 

Several dykes pieree the carboniferous rooks of the Menai Straits near 
Llanfiur-is-gaer. 



CHAPTER XXIII. 



The Bocks of Llbtk^ ob the Pbomokxoby between Caeb- 

KABVON Bat akd Cabdigak Bat. 

General Description. — Although the rocks of Anglesey are both 
Btratignkphicallj and lithologicallj continuations of those on the 
GaemarTonshire ude of the straits, it will be convenient first to 
describe thd district of Lleyn, because of ito more direct union 
with the country described in last chapter. 

Like that area it consists of metamorphic rocks, supposed to be 
Cambrian, and of Lower Silurian strata, through which there rise 
numerous bosses of greenstone and syenitic rocksy some of them of 

Seat extent, and in Yr Eifl or the Rivals, Cam Boduan, Mynydd 
ynytho near Llanbedrog^ Mynydd-y-Bhiw, and other heights, 
often rising throuffh the covering of drifts and forming the 
loftiest hills of the district. The stratified rocks generally lie low, 
and except on the coast cli£& they are mostly so obscured by drift 
that it is difficult to make out the details of their stratification. In 
the main, however, they are arranged in a rude syncliual curve 
which is a broken continuation of the great Silurian basin of which 
Snowdon forms the centre, between the Cambrian grits of 
Merionethshire and Llanberis. Viewed in this light the grits and 
shales that form the promontorv south of St. Tudwal's Bo^ are, in 
the opiiiion of Mr. Selwyn, a raulted continuation of the Harlech 
grits, the upper boundary of which strikes westward out to 
sea through l^orfa Harlech, near Llanfihangel-y-trae'thau (Map 
76 BJK), and reappears crossing the promontory between St. 
Tudwal's Islands and Hell's Mouth. (Map 76 aW.) This 
fragment, through broken, still dips northward, and, it is supposed, 
passing under a belt of Silurian rocks about 7 miles broad, reappears 
in the metamorphic form of chlorite and mica schists on the 



* Jtot ftirtfaer nmaritt on this ftntjM we pp. 199 and Soo. 
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north-Treat coaat between Bardsey Island and Porth-cBnlleyn. 

CMap75 S.. N. and75N.W.) There, probably fttated, it rnna out 
to aea north easterly, trendioff towaras the boundaiy betweea 
Silurian and Cambrian rocka that strikes in a south-weet direc- 
tion &om Uanberia, and puses into Caernarron Bay near Clynnf^- 
fawT. 

The Silurian rocka of the whole area west of Traeth-Mawr, 
from poeitioii and the eridence of fossils, consist, as far as known, 
of Lingula flagS) Tremadoc slates, Llandeilo Sags, and Caradoc or 
Bala beds. The unbroken continuity of the boundary lines south 
of Lflanberis sufficiently indicates the portion of the Lingula 
flags near Clynnt^-fawr (75 N.W.), but even if the drift were 
removed, it is very improbable that th^ should be found adjoining 
the Cambrian rocks between Nevin and Aberdaron. West of Tre- 
madoc the Lingula Sags and overlying strata have been already 
described, and at Llanfaelrhys, near Aberdaron, a meagre list of 
fossils seems to point to a low part of the Llandeilo flags. They 
are Ogygia Selwynit, and another tall of the same genus, a Lin^la 
like attenuata, another broader species, Didymograpntt Murckuonii, 
and numerous specimens of Graptolitet MOffittariua. There is reason 
to believe that the same strata on the south side of the synclinal 
curve are faulted against the supposed Cambrian grits of St 
Tudwal's, while Caradoc or Bala beds form the main mass of the 
country, fosnls of many of the usual species having been found 
near Pwllheli, Boduan, Llanystamdwy, and other places. 

The igneous rocks of the area, unlike those ol Snowdon, are 
not interbedded with the strata, very imperfect examples of 
bedded ashes occurring alone in one case near PwlIhelL The 
rest may be briefly described as bosses snirounded by altered 
strata. Some are felspar porphyries, others are syenitic, and almost 
granitic in texture, and others of greenstone, m some of which 
hornblende and in others felspar predominates. Occasionally 
they pass into each other. 

The foUmriDg details duj be found locally intereatiiig. 

Cambrian Rockt, P«wrkynH&.— On the cout clifia between Penrfa^-du and 
Mjnjdd Cilan, magnificent sectioni occur to the so-called Cambnan stnta. 
Between IVivjii-y-Sotle on the west and Parcd-mawi in Forth Ceiriad, the beds 
nndulate eaatward at angles between 20° and 40°, and consist of thick-bedded, 
hard, bfown, cootM and fine sandstone, grit, and quarti rock, mingled with a 
little fine conglomerate. They are often micaceous and sometimes felspathic, 
■nd an intemtratified with blue and dark grej shale sometimes almost black. 
In a little bay at the base of Trwyn-llech-; -ddol there is an appearance of 
nnconfbimitj in some of the beds. 
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but it may be merdjr a case of false bedding. On Pared-mawr black ala^ 
beds predominate mmgled with thin grits. Haying been denuded between the 
hard headlands of Trwyn-Uech-y-ddol and Trwyn-yr-wylfa, the bay of Forth- 
ceiriad is the result. At the south end of Penrhyn-du near Pistyll-cim similar 
beds are interstratified with green bands and red patches of a spedes of jasper- 
like rock sometimes lying in minor layers which are twisted and contorted 
somewhat like the semi-metamorphic Cfambrian strata of the South Stack of 
Holyhead Island. 

An east and west fault runs from Pistyll-dm to Trwrn-y-ffosle, north of 
which the strike suddenly changes, and similar beds with slight undulations 
dip northerly at angles that vary between 15^ and 30^. St. l\idwal's Islands 
are formed of the same rocks, dipping north-westerly at angles ranging between 
20° and 4(f. 

Tliere is difficulty in identifying these beds with the undoubted Harlech 
grits, in consequence of the east and west &ult which brings them against the 
Silurian beds petween St. Tudwal's Road and Porth Nigel or Hell's Mouth, 
and also that in some respects they differ in lithplogical character. 

Mr. Selwyn has described the strata of this promontory generally as ''thick 
" and thin oedded hard light grey silicious grits, interstratined with dark blue 
" gritbr shales;" and again as ''hard gritty brown and grey sandstones with 
hard blue and grey micaceous slates,"* and the Cambrian rocks of Barmouth 
and Harlech as "hard greenish grey quartzose sandstone (grits) and con- 
glomerates with beds of dark blue and purplish blue slate, the grit often 
very felspathic and semi-crystalline ;"t and again as " thick beds of hard 
grev and greenish grey qusjrtzose sandstone, grit, and quartz-conglomerate, 
witn beds of blue, green, and purple argillaceous slate. The sandstones are 
often partly formed of slightly water- worn grains of crystalline quartz and 
felspar, the quartz generally greatly predominating." If these are the true 
equivalents of the rocks of the promontory of Penrhyn-du, there is thus a great 
difference between them in Htnological character, for the grits of Harle(£ are 
greener, and contain beds of green and purple slats, whereas the slates of 
Penrhyn-du are grey and blue, a difference scarcely to be expected, considering 
the {i^encral constancy of colour in the Cambrian rocks of Wales, those of 
Menonetbshire closely resembling those of Llanberis, and the same resemblance 
might be expected in the rocks at St. Tudwal's Road* 

When first visited by Sir Henry De la Beche, he considered them more like 
the Denbighshire grits than any other strata with which he was acquunted. 
If they are equivalents, then the Wenlock beds must have overspread this 
oountiT' and circl'^cl into Cardigan Bay, and this is by no means an improbable 
hypothesis. I have several times visited the district, and at one time felt 
inclined to consider them the probable equivalents of the Lower Llandovery 
gritty series that occu])ies great part of the coast of South Wales between 
Aberystwyth and Dinas Head near Fishguard, for the following reasons : — 

Near Aberaeron and Aberystwyth, in Cardiganshire, the rocks consist of 
beds of thick and thin hard grey sandstones interstratified with dark coloured 
slates, and the ndgbouring dark Llandeilo slates of North Pembrokeshire 
are pierced hj igneous bosses like the rocks of Lleyn. The kind of sceneiy 
is the same in both the districts that respectively form the north and 
south horns of Cardigan Bay, and this resemblance is owing to the hardness 
of some and the softness of other rocks in both areas, which have thus 
unequally resisted denudation. The Cambrian rocks of North Pembroke- 
shire also are purple, like those of Merionethshire and Llanberis, and all 
these resemblances led me to compare the St. Tudwal's grits with the grits 
that form great part of the coast of Cardigan Bay from Aberystwyth to Dinas 
Head, near Fishguard. In spite, however, of these resemblances, I attach 
much weight to Mr. Selwyn's opinion, that they probably belong to the 
Cambrian series; 1st, because tnough well searched no fossils have been 
found in them ; 2nd, because they lie in the strike of the Harlech grits 
where they last run out to sea ; and, Srd, because there are no great masses 
of grit at all like them anywhere in the Lower Silurian rocks of Caer- 
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■ummthirc, 'vnltm it be that tome of the TiingnU xriti of Llanberu slightlj 
reaemble them. The lingnla flags, however, thin out npidlr to the west, 
■od are aUogeliur absent in the coriesponduig longitude of Anglesey ; uid 
though, in the kbeence of fosnl* and the eiutence of the fault that rune 
we*t from Porth-bach, it is impoaaible to auign the rocks of Penrhjn-dn 
pontirely to buj horizon, jet perhaps Mr. Selwjn was ia the right when hi 
considered them as belonging to the aeries of the Harlech grtta. 

CanArum Roekt btheeai Bartbey Itlatd and Nm». 

On the north-wcat lide of the synclinal curve, the Cambrian rocks form 
a band (exdusire of Bardsey Island) 14 miles long from Bwdsey Sound 
to Nerim, and generally from a mile to two miles wide. A long spur proceeds 
•outbward from the main mass to the east coast of Aberdaron Bay. On thia 
promontory, on the west, there are beds of " green chloritic siliceous schists," 
against which abut beds of " dark blue and grey banded micaceous sandstones 
" and blue shales. At the junction with the green schists they are much 
" contorted, and apparently dip against them"* in a manner tlut indicates 
a fanlt. 

Kff.66. e . 



a. Chloritic Schist 

b. Slnrian Shales, &e. 

c. Drift. 

On the coast nearer Aberdaron the junction is obscured by drift, but abova 
Bodwrdda the Silurian beds strike towards the schists, dipping south-west 
about 4Cf, aod this, with the occurrence of springs along the bouodat^r line, 
denotes that a fault also forms the western edge of this spnr of schistose strata. 

Beds of sand, clay, and gravel still conceal much of the Silurian rocks, from 
Mynydd Ystom, north of Aberdaron, to Parwyd Bay ; but whoever dips are 
seen (seat Parwyd] it is evident either that Lower Silurian rocks (newer than the 
Lingula flags) lie uuconformably on the Cambrian schists, which is not im- 
protoble, or else that they are fainted agunst them. It is an exceedingly dis- 
turbed country, and the evidence is in hvour of the last supposition, for the 
Silurian rocks strike obUquely towards the schists, which would not be the 
case if thq' merely lay unconformably upon them _; for though the Cambrian 
locks and Ldogula flags may probably have been disturbed together before the 
depodtion of the Llandeilo and Bau beds, yet when these laist were also dis- 
tuihed the movement most have affected both sets of rocks, so that, under 
these circumstances, thoogh the lower strata may strike towards the base of tho 
newer formation, it is exceedingly unlikely thi^ the base of the newer stiata 
should stoike towards the lower beds on which they lie unconformably. 

It is probable that ihe long straight boundary line south-west from Nevin, 
on the north side of the promontoiy, may not also be a fault. The drift is 
mo great that the evidence is imperfect, thau){h sufficient to show that the line, 
a* drawn by Mr. Selwyn, is, as nearly as may be, correct. 

Bardtey. — The east coast of Bardsey laland coniista of "green, gr^, and 
** pnrple siliceous Bchiste and slaly rocks, patches of quartz rock, and a few 
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'* thin grey calcareous bands, all much contorted on a small scale, without 
" affecting the general north-westerly dip."* A lenticular piece of marble 
occurs on the coast about half way between Ogof-Morl&s and Pen Cristin. At 
Bay*y-Nant the dip is easterly. On the west the rocks are of the same descrip- 
tion. The whole undulates in various contortions. 

The Mainland, — From Bardsey Island to Nevin Mr. Selwyn describes the 
rocks as " chlorite and mica schists. A series of green, grey, and purple schists, 
often very hard and siliceous, sometimes arenaceous and gritiy, with large 
and small veins, beds, and masses of quarts-rock, also bands and patches of 
calcareous rock andgrey and pink siliceous crystalline limestone, occasionally 
burnt for lime." These are pierced *' by numerous greenstone dykes, and 
contain patches of serpentine and veins and nodules of red jasper, lliese 
beds are much contorted on a small scale, but their general dip is north- 
'' westerly from 25° to 50°."t The smaU contortions alluded to are those 
little foliated twistings of quartz, micaceous, chloritic, and less altered sediment, 
so characteristic of many metamorphic rocks. Quartz veins on a large scale 
not in lines of foliation also often intersect the rock in all directions. Minute 
descriptions of many special places would scarcely convey more information. 
On the mainland in and about Porth-felen there are " beds of greenish 
grey, brown, and purple schists, mostly more or less calcareous, asso- 
ciated with short veins and patches 'of red and white marble, intermingled 
with veins and limips of red jasper." These also are ver^ siliceous and 
highly metamorphic. between this and Bndch-y-pwll the scmsts are exceed- 
ingly felspathic, and in some places almost like nomstone. They are full of 
veins and strings of quartz. By Forth -llanllawen and for some distance 
inland purple beds are common, not unlike the recognized Cambrian purple 
slates of Llanberis. 

Purple and white calcareous rocks, with veins and masses of red jasper, 
occur a little south of Dinas-oedd ; and again, purple and pink limestone, full 
of veins of white carbonate of lime and patches of red jasper, in Borth-oer and 
at Morfa-trwyn-glas. They are associated with green and purple schist and 
slaty and quartzose beds. Intermingled with these at Trwyn-glas are short 
lenticular beds and nodules of quartz rock, and the same kind of phenomena 
may be seen along the coast by Porth-y-gwylan and Rhos-hirdref. At Porth- 
wen, on the west side of the promontory of Porth-dinlleyn, they have been 
described by Sir Henry De la Beche^ as '* hard siliceous beds, mingled with 
slate, occasionallv micaceous." The general strike is about N.N.E. ^They are 
irregularly waved and crumpled, but the beds, as a whole, are nearly verticaL 
Between Edeyrn and the sea they dip north-west. Many trap dykes, prindpaUv 
of homblendic greenstone, pierce the strata between Porth-dinlleyn and Portn 
Penllech to the south-west. They are also numerous about Porth-ferin, and 
occur at many other points of this coast and around Bardsey Island. 

" The rock at Porth-dinlleyn§ is a kind of coarse green and purple serpentine, 
with nests of red jasper. Veins of the serpentine are observed to '* dash in amid 
** the slaty series at Porth-wen." Fourteen or 16 other patches of serpentine 
or serpentinous rock appear amid the schists to the south-west. Several of 
these are exceedingly small, and there is reason to betieve that they are inter- 
stratified or largely mterlaminated with the schists in such a maimer that they 
must be considered as the result of metamorphism of siliceous and magnesian 
materials that formed portions of the stratified deposits. A good example of 
interlamination occurs at Careg, about 2 miles N.N.W. of Aberdaron, where 
streaks of lime, serpentine, and schist alternate with each other, more especially 
on the slope towaras the sea. Neither is there anything in this opposea to Sir 
Henr^ De la Beche's expression that veins of this rock are observed to " dash 
in amid the slaty series," for such metamorphisms occurring at great depths, it 



♦ All the quotations are from MS. notes by Mr. Selwyn except where the con- 
trary is mentioned. The district was entirely mapped by him. 
t Selwyn MS., on original copy of Map 76 S. 
X MS. note. § Sir Henry De la Beche's MS. notes. 
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Is 6i«f to undcntend how eertain poriioDS of the stnte thai attained a& 
absolute fdsion under the united influenoes of moist heat and new chemical 
omnhinations, might be injected into any fissures that might be formed in the 
adjacent less altered strata. 

Silurian Rocks. — ^The Silurian rocks of Uegrn, though assodated' with 
numerous masses of igneous rocks, are nemr metamorphosed like the Cambrian 
rocks of the district, but resemble the ordinary Lower Silurian strata of the 
rest of North Wales. Buried, however in general, under deep superficial beds 
of stratified sand, grarel, and boulder c]aj, it is impossible minutely to 
connect tiie country with tiie sub-divisions inio which the rocks of Merioneth- 
ahire and other parts of Caemanronshire resolve themsdves. Even the 
igneous rocks elsewhere, asssted in determining horizons by thdr interbedded 
(maracter, but in Lleyn they are almost all inlanisive, and afford no due to the 
dissection of the country Uke the widdy extended ashes of the two. strati- 
graphical horizons of Cader Idris and Moelwyn, and of Snowdon. Neverthe- 
less, if it be true, as Mr. Sdwyn and mysdf suppose, that the igneous mass of 
Llwyd Mawr represents the felspathic porphyry of Mod Hebo^ (diagram No. 
49, p. 137)9 ^cn the blue and black slates that rise from under it on the north- 
w^ must represent the Caiadoc or Bala and Lingula beds immedialdy west 
of Snowdon and Mod Hebog (Map 7^ N.B.), and tiieir podtion in relation to 
the Cambrian strata north of C^ynnog-fawr proves it. It is also wor^ notice 
tiiai the same kind of bedded iron ore that occurs near Tremadoc in the lower 
Trcmadoc dates, and above Bettws Garmon is found in Trwyn-y-tid, on the 
north coast near Yr-Eifl, and it is probable that they are equivalent strata. 
Tlie fossils found in the interior of the promontory prove the rocks to be chiefly 
equivalents of the Bala beds, a drcnmstance ooninstent with the idea of their 
fotming a rude svndinal curve, and this oondudon is further aided by the 
circomstanoe that between St. Tudwd's Road and Forth Nigel (Map 7^ S.W.) 
there are dark blue dates and brown sandy beds, highly disturbed and fiuilted 
against the supposed Cambrian grit, which, from liieir character, and the occur- 
rence in tiiem of pisoUticiron ore at Llanergan and Abersodi, renders it probable 
that they also belong to the Tremadoc beds.^ The generd dips are northerly, 
and tiiough somewnat obscure, there is little doubt that they dip under tiie 
Coradoc or Bala rocks near Llanbedroff. 

Turning to the Lingula fihm of Tremadoc and Traeth Bach, where tiie 
uwi moutor y joins the mainland (Map 75 N.E. and S.E.) it might at first sight 
oe supposed tiiat the western stnke of the beds would prolong them into the 
heart of Lieyn; but before reaching Criccieth (75 S.W.) the strata begin to 
unduiate, and the whole of the Lingula beds appear to be cut off by the great 
north and south fiuilt (the predse Ime of which it was imposnble to determine) 
that passes down the vallcr east of Llwyd Mawr, and near Criccieth throws 
the Bala beds and Lingula beds against eadi other: North of Criodeth the 
west boundary of the Llwyd Mawr porphyry is entirely hidden by drift, but so 
aharp is the bend at the north-west angle near Pknt-glas, that Mr. Sdwyn 
ventured to consider the western bounds^ line as a probable &ult, an idea in 
which I agree, for otherwise it is improbable that the Silurian strata north-west 
of Llwyd Mawr, pent up in the space of little more than a mile, at so high an 
angle, between tne Cambrian rocks and the porphyry, should so suddenly 
expand and fill the whole promontory of Lleyn. This they do by undulations 
of strata^ whidi appear to be the lithologicd equivdents less of the un- 
fossiHferous slaty rocks above the Lingula beds of Llanberis than of the 
foesililierous strata tiiat encircle the interbedded porphyry of Mod Hebo^. 

Hie places where fosdls have been found are as follows, taken approzimatdy 
from east to west. Most of them were found by Mr. Sdwyn, assisted by 
Mr. Bichard Gibbs, and the lists were drawn up hj Mr. Sdter. 

Near Yyns-galed on the road to Plas Lledieiddior (2i miles west of Dolben- 
r) some brownish yellow sandy beds crop up for a few yards from under the 



* These iron ores may, however, be on different levels, for the ore of Tremadoc is 
near the top of the Lingda heds, and that of Cader Idris immediately miderlies the 
edeareoos ashes 6,000 feet shore the Cambrian rocks, whereas at BettwH Gannon it 
cannot he more than 1,000 feet from the Jonetion. This may, however, be partly due 
to thimung out of the strata. 
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drift. Th^ Are considered by Mr. Selwyn to be the eqiuvalente of tiie Bodaan 
beds^ and are veiy fosailiferous, jrielding — 



Crustacea. 

Calymene brevicapitata (the same 

variety that is round at Bala» with 

short glabella) - - 12 

'hinucleus concentricus - - 22 

Asaphus Powini - - - 5 

lUctnus Bowmanni - - 6 

Pkacops cottophthalmus - - 6 

Beyrichia complicata - - 2 

Tentaculites annulatu$ (with close 

rings)^ - - - 2 

MOLLUSCA. 

Leptama sericea - - • M 



Strophofnena grandis 
Orthis elegantula 
Ctenodonta 
Murchisonia sealaris 
ScalUes ... 

f Bellerophon Murchisoni, 
\ D'Orb.? - 

L B. striatus. Sow. 
B. bilobatus 
B. dilitahu 
Pterotheca 
Petraia elongata . 
Cleidophorus like antiquus 
Ctenodonta levata (Hail) - 



}- 



as 
70 

2 

12 
11 

25 

G 
2 
12 
5 
4 
1 



Further south, near Plas-hen^ one mile north-west of Llanystumdwy, there 
were found in a black rotten slate — 



Homalonotus bisulcatus - 
Trinucleus conceniricus - 
Orthia elegantula 
Lingula, sp. 



. 3 

- 3 

- 60 

- 20 



Ctenodonta ^ - 
PleurotonuLfia 
Bellerophon (bilobatus f) - 



2 
6 
4 



Immediately north of Pwllheli, in fine ferruginous sUty sandstones near 
Pen-'r-allt, and also by the turnpike near Tan-'r-^t, the foUowing fossils were 
found : — 



THnucleus concentricus - 


. 18 


Homalonotus bisulcatus - 


- 11 


Phacops cqnculatus 


- 9 


Beyrichia complicaia 


. 5 


Tentaculites annulatus - 


- 4 


Leptosna tenuistriata 


- 2 


L, sericea 


- 17 


Orthis elegantula - 


. 100 



O. calligramma var. virgata 
lAngula ovata 
Ctenodonta 
Murchisonia sealaris 
Pleurotomaria lenticutaris 
Bellerophon bilobatus 
Stenopora fibrosa 



1 
1 
2 
1 
1 
8 
2 



At Pont-rhyd-hir, about H mile west of PwUheli, there are black ferru- 
ginous slates passing into gritty beds containing crystals of felspar. They 
contain — 



Homalonotus bisulcatus - 
Cybele verrucosa - 
'irinucleus concentricus - 



5 
2 
3 



Asaphus Powisii ? 
Orthis elegantula - 
Stenopora fibrosa 



1 
1 
2 



Above Crugan, about half way between Llanbedrog and Penrhos, there are 
beds of blue shale with calcareous nodules. They contain — 



Astmhus Powisii - 
CaUfmene Blumenbachii * 



1 
3 



Trinucleus concentricus - 
Petraia elongata - 



1 



West of Llanbedrog and the felspar porphyry of Mynydd-tlr-y-Cwmmwd 
(5 miles south-west of Pwllheli) in beds of sandstone and arenaceous slate 
dipping northerly at angles of about 30^, there were found — 

Tentaculites annulatus • 



Crustacea. 

Calymene Blumenbachii - 
Homalonotus bisulcatus • 
Asaphus Pounsii - 
ProoUus latijrons 
Trinucleus concentricus - 
Phacops (Odini) conopthalmus 
Lichas laxatus - 
Cybele rugosa 



2 
8 
2 
1 

14 

16 

6 

2 



- 1 

Leptcena tenuistriata . - 2 

Orthis calligramma var. virgata - 30 
O. elegantula . - -10 

Strophomena spir^croides . 6 

Ptitodictya dichotoma - - 1 

Favosites fibrosa - . - 8 

F, var. ramulosa F . -12 

F. var. Lycoperdon - .5 
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Notth-west of Bodnan there are bedi of ooane felspathie bieoeis passbig^ 
xapidlj into brown gritty sandatone, the latter oontaining— 



Buerumms mmetahu f - 
OrtkUJlabeUukm 
O, eleganiuia 
Stnpkomena grandis 



. 1 

- 100 

- 10 

- 16 



I 



LmtoBna sericea - 
BhynehoneUoy sp. 
Turbo erdmstrw 
Eneriuiie stems - 



- 4 

. 1 

- 1 

- 10 



Orthis JUibeUmlum ia found here in finer condition and in greater nmnbers 
than in any other localitj. 

Boond uie felspaihic porphyry of Y-ffam-bach, near Madryn, there are blue 
foaailiferonB ahalea, ana a htltte further sandy femiffinoua slates, probably 
nearly equivalent to the Boduan beds. They contain the following fossils : — 



Cbustacba. 

THmmeleus eomeentrieus (Caraetaci) 6 
Phaeops epieulatHS, Fl fbi. - 16 

HonuUanoius bisuleatus, VL fig. - 10 
Beyriekia campUcata • -14 

TeataciMies aumlatus - - 8 



Brachiopoda. 



Lmgrnla sp. • 

Orikis tUganMa, 



1 



L^tana sericea, some specimens 

with striae nearly equal all over 20 
Stropiomena ffranais - -17 

5. aepressa or temnstriaia - 3 

Badiata. 

Etusrimte stems, a few. 

Stenopcra fibrosa, var. Lyeoperdon 6 

S, var. ramulosa, PhiL - - 4 



found in a fine slaty sandstone with much protoxide of iron. 

The dark slates and thin flagrv beds of iSanfiielrhys dip towards and perhaps 
under the greenstones of PorthUawenan and Mynydd Pen-ar-fynydd. There 
were collected in them by Messn. Selwyn and Gibbs — 

AMq^kus Sdwynn • - 2 1 GraptolUes Murchisomi - •2 

hmgwia - - - . 7 | and others. 

At Parwyd Cknre, south-west of Aberdaron, there are beds of slate, grit, and 
conglomen^, dipping under the greenstone of Pen-y-Cil at angl^ varying 
firom 30^ to 80^. In these Sir Heniy De la Beche found only — 

Stenopora fibrosa, the narrow-branched variety, and Encrimte stems. 

lliey probably bdong to the Bala series. 

Igneous rocks. — It now only remains to notice the iffneous rocks of the pro- 
monioiy. These I shall describe from east to west. They are all of the kmds 
usually called intrusive. 

Criooeith castle stands on columnar felspathic trap, and similar rocks are 
exposed bv a partial removal of the drift at four neighbouring places, viz., 
Y-graif^-dau, Mynydd Ednyfed, Dynana» and Plas-hen. The rock of Mynydd- 
y-eennm is quartz porph^, similar to that of Llyn Padam near Uanbens, and 
probably having a like origin, small granular oystals of quartz being set in a 
felspathic base. The rock of Bwlch-mawr near Clynnog-fawr is more easy to 
describe than to name. It consists of white or pale yeUow oystals of felspar 
set in a base, probsbly formed of a mixture of feJspathio and homblendic 
matter, unseparated by aystallizadon. By some it might be called a species 
of greenstone, by othen a felspar porphyry. On Y-Gym-goch the rock is 
syenite, compounded mainly of felspar, mingled with a little quartz and minute 
quantities fk hornblende. Further west, on Moel-Penllechog, it becomes still 
more syenitic and crystalline. The rock that forms the magnificent diff of 
TVwyn-y-gorlech is mostly a kind of greenstone, compounded of small crystals 
of hornblende and felspar in equal proportions. Sometimes free silica appears, 
and then it becomes a syenitic rock speckled with horblende. It is largely 
quarried for paving stones. There \b a well-crystallized greenstone half a mile 
south-west of Clynnog-fawr, and also on Pen-y-gaer and Cam Pentwreh, south 
of Bwlch mawr. The neighbouring bosses are more felspathic. The gracefrd 
peaks of Yr-Eifl (or the Rivals) consist of ftdspar porphyry, often very syenitic. 
On the south coast the rock of Pen-y-chain is felspar porphyry, in some places 
completdy charged with agate nodules. These are well shown on the coast. 
ThelxMS that lies between it and Abererch is greenstone, and in places a felspathic 
porphyry. Car^-y-rimbiU (the gimblet rode) if a BmaU-grained greenstone in 
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which the hornblende Fftther predominatea over the feleper. It is the prindpa 
building-stone of the neighbourhood. North and north-east of Pwllheli, as 
far as IHas-du, there is a broad strip of rock« in two places alternating with 
slaty bands. It hovers in character between a greenstone and a felspar por- 
phyry. At the trigonometrical station it consists of large ciystals or felspar 
imbedded in a homblendic-looking base. Associated with this rock, about 
three-quarters of a mile west of Pwlmeli, there occurs the only rock in Lleyn of 
an ashy or breodated character. It is well stratified, and oonsista of ■mall 
felspathic fnfmenta, green grains, and broken crystals. Specks of slsty 
matter occur m it. The Boduan rooks, which stretch up to the coast north- 
east of Nevin, are principally light coloured very felspathic greenstones. About 
6 miles west of Pwllhdi, around Llanfihangd Bachellaew, and Llanbedrog, 
there is a great mass, about 6 miles in length, consisting of felspar porphvi;^, 
which when a little weathered exhibits pale yeUow felspar erystals imbedaea m 
a brown fdspathio base ; when fresh it is olue. The little boss of Careg-y- 
defiud, a mile north-east of Llanbedrog, is a sort of felspathic homstone 
porphyry enclosing antte nodules. Another mass of great size lies about half 
way between Llanbeo^g and the western extremi^ of the promontory of 
Lleyn. It stretches firom Trwyn-talfarach near lianraelrhys to the CronUech 
near Penllech, and is principally composed of varieties of greenstone on Penar- 
fynydd, Myn^dd-y-graig, and Mynyad-y-rhiw, but further north and west of 
Mynydd-y-rhiw it passes into syenite. 

Between the neighbourhood of Llanfiaelrhys and Porth-lldddiad the greater 
part of the cliffs consist of greenstone. North of Porth Cadlan this patch 
is more than half a mile in width. A strip of greenstone runs along the 
west side of Aberdaron Bay between Pen-y-cil and Porth-meudwy, and another 
small patch occurs on the north side of tliat little harbour. 

Wherever any of these are seen in contact with the Silurian strata, the 
latter are found to be altered (baked) at the junction ; but the change 
usually extends a little way, and is not to be confounded with those gtet&t 
metamorphic processes which, as in the neighbouring Cambrian rocks, are 
attended with a foliated re-arrangement of their constituents, and obliteration 
of their original lithological structure. 



CHAPTEB XXIV. 
Akgleset and Holyhbad. 



Oeneral Deseriptioiu — The chief stratified rocks of Anglesey 
and Holyhead are, in descending order, — 
Permian, 
Coal-measures^ 
Millstone grit. 
Carboniferous Ihnestone, 
Old Bed Sandstone, 
Lower Silurian, 
^ Metamorphic rocks, probably Cambrian. 
Associated with these are homblend-rock, greenstone, felspathic 
trap, elyan dykes, and granite. 

The country is low, and in general gently undulating, the 
loftiest point bemg Holyhead mountain, 709 feet above the sea ; 
the next Ghum near Llammrynghomwyy 658 feet ; and tibe greatest 
elevation crossed by the sections, in Sheet No. 40, is only about 
420 feet hi^L The surface is in a great measure composed of 
drift, boolaers, earthy gravel, sand, and clay, througn which 
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the rocks of the country frequently appear in barren tracks or 
small broken bosses, coTcred with heath or furze. When freshly 
stripped of soil or drifts these rocks are often found to be smoothed 
and marked with striae, running generally from 20° to 40° west of 
south. 

This arrangement is connected with the direction of the main 
valleys of the country, which run from north-east to south-west, 
the chief of these being occupied by Malldraeth Marsh. The 
Menai Straits themselves run in a similar hollow at a lower level 

Though the chief object of this memoir is only to describe the 
Cambrian and Silurian rocks, yet all the above-named formations 
lie so compactiy in the island that it is as well in thb place to 
give a general description of the whole. 

The Cambrian and Silurian rocks of Anglesey in great part 
resemble those in Caernarvonshire, described in last chapter. 
The Silurian strata of the island are often rich in Caradoc or Bala 
and Llandeilo fossils, and the Cambrian rocks as a rule are highly 
metamorphic, like those between Bardsey Island and Nevin in the 
promontory of Lleyn. Both Cambrian and Silurian strata are in 
places associated with granite, and the Silurian rocks themselves 
occaaonally assume the form of Mica schist and Gneiss. Under these 
circumstances it is not always certain that some of the Silurian may 
not have been included inadvertently among the so-called Cam- 
brian strata; for by &r the larger part of the metamorphic rocks 
of Anglesey apparentiy belonging to the latter formation, and in 
mapping the country it was natural in doubtful cases rather to class 
the metamorphosed rocks with Cambrian than with Silurian beds. 

The grounds on which the larger part of Anglesey is considered 
to confflst of Cambrian rocks, will be best understood by com- 
paring the follo¥ring description with the 1-inch maps, No& 77 
and 78. 

It has has been shown that where the Cambrian rocks 
iqyproach the Llyn Padam porphyry they are much altered, 
especially to the south-west near GlynUyfon* Close to the Menai 
Straits, near Bangor, rocks of the same character, under like cir- 
cumstances, are also changed, and if we prolong their strike 
and that of the overlying Suurian beds, from Bangor under the 
Liavan sands to Beaumaris, and from thence to Glan-y-fl^7mon at 
the east point of Bed Wharf Bay, we find an assodation similar 
to that of Bangor, black shales resting on green, grey, and 
purple schists and grits, which, however much foliated and con- 
torted, still bear as strong a resemblance to the Cambrian rocks of 
Bangor as the latter do to those of Llanberis and the Ogwen, thus 
by insenrible gradations uniting the whole. 

The same black Silurian shfdes interruptedly skirt the coast of 
Bed Wharf Bay to Tyddyn-y-waun, and along this range the 
metamorphic scnist and the quartz rock of Myi^dd Llwydiarth 
dip distinctly under them. South-west, between Ked Whai£ Bay 
and Malldraeth Marsh, wherever the rocks are un&ulted the same 
order prevuls ; audit is thus probable that the broad band of 
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folUted rocks that lies between the Menu Stnuta &nd Malldraeth 
Mnrsh, form a faulted anticlinal curve of Cambrian rocks 
thoroughl;^ metamorphosed, on either side of which the Silurian 
strata nre thrown off, on the south-east between Bangor and 
Caernarvon, and on the north-west between Red Wharf Bay and 
Malldraeth Marsh. 

Restoring the curratures of the Cambrian and Silurian strata, 
and disregarding minor effects produced by faults, we find similar 
metamorphic rocks north-west of Mnlldraeth Marsh, foliated and 
contorted, and bounded somewhat obscurely by faulted Silurian 
rocks, which, beyond the granite, rise to the north-west. From 
under them in that direction green, grey, and purple metamorphic 
schists and quartz-rock and foliated beds again come to the sur- 
face, forming the north-west coast of Anglesey and the island 
of Holyhead. The Silurian strata occupy a broad space in the 
middle of the north part of the island, certainly overlying the 
presumed Cambrian rocks on the west, but bounded on the north 
by a remarkable curved fault, which throws them down against s 
aeries of hard thick-bedded greenish grits, purple and grey schists, 
and foliated rocks, many of the less metamorphosed beds of which 
at once remind the geologist of the Cambrian grits of Caernarvon- 
shire. There are, however, Silurian beds on the north coast, at 
Cemmaes, consisting of black sbalea, grits, and limestones, partly 
metamorphosed, and mixed with metamorphic rocks; and tbougn 
I have tittle doubt of the Cambrian date of the rocks south of 
Llanfechell, it must be confessed that, even where coloured Cam- 
brian, doubts exist respecting the Silurian or Cambrian date of 
some of the rocks near and on parts of the north coast 

In the noi'th half of Anglesey the Silurian rocks that cross the 
island from Dulos Bay towards Cymmeran Bay consist of black 
eholes and grey grite, the latter generally lying near the base, and 
containing Caraaoc or Bala fossils, ^ie is important, for no 
Lingula flags have yet been detected in the country, and it is 
probable that they have been unconformably overlapped before 
reaching this northern area, for they are reduced from 6,000 
to 2,000 feet between Merionethshire and Llanberis, have still 
further dwindled on the south-weat towards Clynnog-fawr, and 
seem to have almost or altogether thinned away before reaching 
Bangor and Anglesey. 

The Old Red Sandstone of Anglesey lies unconformably alike 
on Silurian and Cambrian strata, and strikes in a long narrow 
■ ■ from Dulas Bay, on the east coast, to Lkngerni, where it is 
ipped by the Carboniferous limestone, which occupying a 
tract on the coast south of Lllgwy Bay, strikes south-west 
nderiies the coal-field of Malldraeth Marsh. The Old Bed 
itone of Anglesey belongs indeed to those upper strata of 
ormadon common in Ireland, which some geologists consider 
ng more intimately related to the Carboniferous rocks than 
the BO-calted middle or lower dlvisiona of the Old Red series. 
Carboniferous limeetone in detached masses also occupiea 
if the coast of the Menai Straits, and the angle of the 



AK6LESBT, CAMBRIAN R0CK8. 177 

bhnd beyond Beaumaris^ between Bed Wharf Bay and the 
Outer Rood. 

The Millstone grit appears above it on the slopes skirting 
Malldraeth Marsh, and the overlying coal-measures rarely show 
tbemselTes in natural sections from beneath the covering of peat, 
gravel, sand, and sheets of water that form the marsh. 

The Permian strata nowhere actually show at the surface, but 
I inferred their existence frpm the lithological character of the 
red marls, sandstones, and conglomerates at the mouths of the 
coal jnts, and from ascertaining that undoubtedly the coal- 
measure sandstones, shales, and beds of coal crop upwards 
against the base of the red rocks winch rest quite unoonformably 
upon them. Coal-measures and Permian strata have both been 
preserved mmply by the acddent of the north-east fault that 
bounds the manb having thrown them down so low, lliat a frag- 
ment of strata that once, I have no doubt, spread over the entire 
island has been saved from entire denudation. Such is a general 
sketch of the stratigraphical relations of the rocks of Anglesey. 
The remainder is matter of detail 

Oambriau roekt. — Tbe^ Cambiian etnta of Angkaey beiiig whdUv meta- 
marphicy and tlie Sihimn rodcs hantt metamoiplioeed in part, there is 
leaaon to believe that their metamorphinn was oontemparaDeotia and of 
Lower Silmian date, being connected with the presence of granite, probably 
of the same age with the imperfeetlygranitic rock and qnartz porphyiy 
on the opposite side of the stndts. The south-west nart of the island is 
ibnned of a belt of metaniorphic rocks from 2 to 4 mues wide, that strikes 
north-east firam Newborough sands across the ishoid to Beanmaris and liand- 
dona. They are as thorooghly metamorphosed as afanost any part of the rocks 
in Anglesqr. In the soiShem part of this area I have dociibed them as 
** green, gr^, and purple, siliceoos, chloritic and micaoeons schistose rocks, 
" intensely foliated in nmnerons small contortions,"* or, in other words, of 
siboeoas mica sdusts, tinged with chlorite, or of thin layers of quarts alteraat- 
ing wiUi grqr and green micaoeons and diloritic laminse, the mole intensdy 
contorted in wavy and twisted layers like many other gneissie rocks. Near 
Llanfihangel Esgofiog, north of the Hothead road, by tibe marsh, the rock is 
tlumraghljr metamorphosed into sneiss, consisting of qnartiose and felsi)atliic 
foliatioiis intenmngled with bands of hornblende and mica. The detuls of 
their stroctore ooutantly yaiy, and yet the whole remains so much tiie same 
tiiat minnte descriptions of individnal spots would conyey little information. 
Foliation is often intimately connected with stratification. In certain un- 
metsmorphosed rocks, probably under much pressure, at great depths, and 
influenced by long-contmued heat, moisture, &c., the substances that foimed 
the original strata became more or less decomposed, and re-airanged themsdves 
according to the chemical affinities of their constituents. This is one species 
of metamorphism, and it will thus be easily understood how it wUl be easy to 
find pieces of clay, shale, slate, mica schist, and gneiss, not differing more on 
analysis than two pieces of gneiss do firom each o&er. lliere seems, however, 
under such circumstances, generally to be a tendency in the reconstituted 
substances to re-anange themselves more or less in the direction of pre-eidflting 
planes. Judgingby we relation of these rocks to the rest of Nortli Wales, it is 
possible that to a great extent the metamorphism of the rocks took place before 
the production of those larger contortions of the strata that induce cleavage, 
and in that case it is probwle that, though the traces of original bedding are 
obscured, the foliation lines often still approximately indicate the original 
direction of the layers of bedding, and the gieater curves marked by the average 
direction of the foliated laminae are nearly equivalent to ordinary curvatures 



* Six-Inch Horixontal Section, sheet 40, line 3. 
S34S. 
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of the rtrats. Notwitlutaadiimr minor oontoitions, thejr seem» on the whole, 
in this part of the island, to dip north-west and south-east, the central axis, as 
shown in the 6-inch section, (sheet 40), lying somewhat nearer the Carbonife- 
rous limestone of the straits than the coal-field of Malldraeth Marsh. Further 
north-east in the same general strike, it is again worthy of remark tiiat, ex- 
dusive of minor contortions, the foliated strata in this section lie in the form 
of an anticlinal curve, the axis of which is about half a mile noiih-west of 
Menai Bridge. From this j^oint the foliated metamorphic strata dip south-east 
under the s&aits, and the higher Cambrian rocks on thd Caernarvonshire side, 
dipping in the ^ittne direction at high anglesi are immediately overlaid by 
Lower Silurian strata* On the Anglesey side of the curve the Silurian beds 
(faulted however) are thrown in byPlas Gwyn near Pentraeth, in that long 
strip which runs horn, thence to Plas Berw on the east side of the Coal- 
meastlies, thus oomplisting the series, and adding to the proofii of the Cambrian 
age of most of the metamorphic rocks of Anglesey.* 

Ctosaing the CarbonifiBrous rodis of Malldraetii Marsh thA {geologist ait once 
^recognises the seeming equivalents aith» metamorphic Cambrian steta nearer 
the straits, consisting partly of '' grey and purple, but chiefly green schistose 
^* rocks, often ckloritic, micaceous, and siliceous, with occasional patches of 
" granular limestone and nests of Jasper; the whole intensely foliated in 
" numerous small contortions.^t The foliations ph>bably indicate approxi- 
mately the direction of the original lines of bedding, and if so the whole forms 
a basin, the layers undulating north-west between the Carboniferous limestone 
and the higher part of the river Ceftii, and south-east horn the river to what is 
believed to be a north-east fisult that strikes through Tregaiam It may here 
be stated that the evidence of this fault consists simplv of this, tiiat along a 
straight line certain Silurian shaly beds dip towwda and apparently lender the 
metamorphic strata^ which there is no good ground for separating firom the 
Cambrian rocks on the otiier side of the coal-field ; but at tne same time it is 
imposrible to denjr that it is potgible the gneissic schists br the Cefiii maj^ be 
metamorphosed Sdurian resting on an unaltered part of tne same formation, 
and the same may be said of 1»e strip of rock that skiris tiie granite on the 
south-west towards the sea^ 

Beyond the granite, in the we stern part of the island, the botlndary between 
the true Silurian and the prosnmed Cambrian rocks is only approximate^ being 
obscured by drift. On tne north-east near Fen-y-groes (between Llanfinthlu 
and Uanflewin) the broken rocks, ftdl of quarts veins mose to tiie junction, 
mar incBcate a fault ; and if there be true Cunbiian rooks in tiiis district, and 
if the foliation indicates the general dip of the rooks, there mar also be a Iknlt 
at PresaddfBdd (east of Bodedem), for the undoubted Silurian oeds dip sontb- 
east^ and the Msst rocks north-west. The whole boundaiy is» however, on- 
certidn, and though I bdieve the mass that skirts the coast is probably Cam» 
brian, it is possible that part or even the whole of it may only be metamorphic 
Silurian. The nature of these rooks is best seen on the coasts of Anglesey and 
Holyhead IsUmd. 

In Anglesey, north of the Holyhead toad, the looks consist of green and 
purple schist, often micaceous, lying in wavy lamin» undulating north and 
south at angles rsrely over 2(F. The colours of the rocks are more like ^oee 
of the Cambrian than of the Silurian rocks of Caernarvonshire^ At Porth-y- 
deftttd, below TVefiadog, there are green laminated schists with steatite, inclined 
south-east at 40^. N(tfth of Church Bay, towards Porth-y-dwr, the rock is 
principally a white or yellow felspathio schist, weathering brown, oftoi wavj 
and serpentinous. In Church Bay part of tiiese beds is soft and decomposing, 
and is associated with beds of quarti-rock and conglomerate. Between Church 
Bay and Cannels Point, at the north-west comer of Anglesey, I cannot better 
describe the rocks tiian by referring to my description of Seoti<m No. 2, 
sheet 40 :— 

"This section, from Carmels Point to the north shore of Church Bay, is 
little more than 2 miJes in length, running fh>m north to south across one of 
t^ most faulted and metamorphic parts of Anglesey. Some of the ftiults are 



* See Maps 77 and 78, and Sections Unes 1 and 3, sheet 40. 
t See description of Section, sheet 40, by myself. 
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oa ike neigliboiiiiDg ies^iiSby aad othan am inftrred bf oloMly •ppfoxi- 
nuting strata strildngtowafda each other in a manner impottible widioui molto. 

*' On thaniwth b^ the ■honafev poor fouila, in Imgular banda of limartone, 
indiciie the Candoo or Bala age ii the beds. The limeatone is impnw, in* 
oonstant, and of no eoonomio value. Blaok wavj shales socoeed these, liMilied 
against gmossio lodcs. The fiuiH is a lode oootaining brown iron ore and 
ooppper pjiites. Through the foliated roeks» that seem to be altered Silurian, 
on I^bijn-yxwEglwTS, granite veins ramify in all dnrsctions* some of vhidi 
maj be oistmettj seen on the neiifhboniing sea^diff. Farther sonth* In a 
broken eoontijr, nanoir strips of buck Silurian shale are ftuhed in between 
patches of metamorphio rocks foliated in wavjr lines ai quarta, intcriaminated 
with green and pozple grit^ and schistose layers. On the south, towards 
Chnrdi fiaj, the metsmorphism is so extreme that in places the bedding has 
entirehr disappeared, and without careful inspection and a knowledge of 
tile wnole neighbouring countij, the rocks might be mistaken for igneous 
masses. There is no perfect security that the patches marked Cambrian 
in this section and their continuation southward to Holjhead Island sre not 
some part of the Lower Silurian strata metsmorphosed, and the chief resson 
whj they are believed to be Cambrian is that thef underlie all the undoubted 
dorian beds, and besides seem to bear a strong general resemblance to the 
metamorphic strata that lie on tiie norlii-west shores of the Menai Straits, 
which, as already stated, are the completelf metamorphosed continuation of 
the less altered rocks of Bangor." 

Among otiier points, it mil be noticed that in this part of Anglesey the 
bedding and foliation cross each other. The bedding, thougb often veiy 
obscure, is nevertheless sufficientiy plain to the practised eye to indicate this 
tacL The more definite lines pass m places into a qpecies of waiving impsff^ 
lect foliation that may have originally been deavage^ and tbs phenomena of 
this kind geaesally may be doe to ths oircnmstsnoe that uart of the oonutr y 
was contorted, oompressfd, «id deared before the geosnl mstsmonihism or 
AnglaMj b^gan ; or, what is unlikely, that the metsmorphism of toa rooks 
of tiiis oomcr is of later date than that of tiwoountry general^ ; or dae that 
deame and foliation were in this and Other cases simnltaneoiia. It n^ be, 
also, tDMi Urn lidiation partiy lioi in oiigind Imes of £dsa>beddiag. 

In this oomcr of the island these phenomena are common both to tho nn* 
donbted Silaiian shalas and to tbs presumed CWnbrian sdusts^ wfaieh it is 
bore impnasiMe satisHartorily to amate, tiw Sihnian rocks t hwn sd v e a 
being in places metamorphia In Cnmch Bay, when tha msjamorphiiim ia 
eztiane, the joints are ezeeedingfy nnmeroos, and emas each other in all 

directiona. Th^ moA m — tMHM>l y h^d mnA hnmngiMiaiiMj ihm haddimr ulif Ml i ^ 

and the Iblktion itsd( whk^ nndnfades noith-westeily at aiiglea of diovt ^^ 
ia often indiatinoti A littie way in the interior, howeivsr, «1m wavy lines 
are aoffidenti^ distinot, and tha awihanorphic natne of tha rosk ' 



Hofyhead Ulami, — MeUmorphism, 

Holyliead Isbmd moperiy forms a portion of the Cambrian rocks of the 
west m Angleser. x^ear its soutiiem end, on both sides of the strait that 
fiivides the islanas, there sre several large masses of serpentine, one skirting 
Uyn treflas, othen bordering the sands of Tywyntrewan, another by the shore 
near Four Mile Bridge, and the largest of all on Holyhead Island itself. The 
rock is of a mottied blueish-green colour, and capable of an excellent polish. 
It here and there contain a Ihtle asbestos. Eadkbossas a whole lies in wavy 
contorted lines like the other foliated rodu of tiie country, dipping in the same 
direction, and co n vey i ng the unpression, which ia undonbtecUy true, that they 
are metamorphic maases. This belief gains force firom tiie circumstance that 
in undoubted schists near Amlwch, ht firom large masses of serpentine, there 
are many tiiin wavy iMmiw^y ]ines of serpentine forming part of the ordinary 
metamorphic strata. 

A jEsnlt taMTorses Ho^ffaead Isbad bam Borth*wen on the sooth-east to 
GogMtfaonthenortli w e st . The endancsoonnsts in conflicting dips both in 
tlie intenur and ontiie ooaat diCi of Gogarth, Porth-T-oorwgi, Bwa^u, and 
BmA-spsn, when the Vmak is plain. It is probabfy a oownthrow on the ea^ 
On i*s aaitan sids^ tha atrata, though Miated and ooatorted, are in genend 

m2 
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mneh lew dirtnrbed than on the weat, where the contoriionB ue often extmne. 
The tower Btrata in taet have suffered the Kra«teat chuise. 

Between Borth-wen and fiwa-du (near Rboocol^D), the rocki chiefly emaaai 
of gtite, inclnding thick beds of quarti rock, occasionaUy inter-rtretified with 
gr«aiiih gtey qtuitsoae schiet, and at Borth-saint there ia a bed of " China 
Bton^" or wj MipaUiio grit much deeompoeed. Stntification, foliation, and 
elMnge an, pelliMB, all and each often BufBcientty distinct, but asain th^ are 
somefonea inteptmDle, or, in other words, it is difficult to sa; if foliation and 
bedding omndoe, or foliation and cleavage, or if the foliation has nothing to 
do with either. On a rock by the ooaet opposite Maen-f-fras t here ia the 
following appeaiaaoe, the lines inclined in the direction of the arrow being 



bedding, and the twiited lines foliated interiaminatione of quarts and 
quattwae aehixt, which, it will be observed, except in one place, are alwaya 
ntddenlj bent at the junction of the beds. This ia common in Angleaey, 
uid is not a mere change of angle, like that which often takes place in slaty 
clearage when it passes from a fine to a coarse stratuni. I am, howerer, 
indmed to think there is an unexplained connexion between them, and that 
the nearly straight lines suddenly and sharply bent at the junction of the beds 
and corvmg in others, may represent a species of cleavage and foliation in one. 
Til., that tfae preattm that unaa ordinary circomstancea wouM have produced 
nmple dttvagc^ haa here, under the conteoiporaneouB influence of metamorphic 
■otion, nenlted in a complex foliation of the deavagx ' " ** 

tiheie an nnulat appearancee, the strata dippinj 
foliated-looking cleanse N. 2fi° W. bom 60° to 6i 

Between Bwi^u and Porth-y-corwgl, for sevoal miles along the coast, the 
rooks lie on the eaat side of Uie fault, which hen probably ibikes aooaa the 
bay. Tbej conaiat trf greenish-^{rey sandy micaceoas schists, curving in low 
nndulationa, the layers rarely rinng to angles of 30^, and between the mis- 
named Cromlech and Porth-y-post, they lie in waving lines at angles affil 
lower. All of Qiese locka are, however, intensely foliated, often in small and 
sharp oontoitiona, the angles of which, though acute, are so arranged that the 
entira lines lie at low angles, and may, as a whole, be said tj:> be almost 
hohsontal. 

Fig. 68. 




FKHn Porth-y-corwgl to the SouUi Stack and GcM[aith, the rooks along the 
ooaet in a ^reat d^ree connst of gtito, mingled wi£ occasional greetusb-Ricy 
foliated micaceoui schiats. llieee grito, partly Kuating denudatimi trom their 
■upeiiw hardneu, often stand out &om the cliA as httle islets, ohantoteriatio 
of the wert coart of Holyhewl Island. Both islet and oout oliflk preaent. 



HOLTHKAD. 
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pabtpt, the fineat cues in WaIcb of violentlj contorted itnta. Samelimea 
the giuried lines lie in npid folds, running ligraff up the cliff, striking 
^«»mplTT at iriiich occur on the southern cout of Penrho»-nlo. 



tbecli&i bdiiast the same time bentbackw; 

of horiaont*! uldl. Again, U fi>r inatance oppogite the South Stack, the con- 
tortioiu, though ttill tnlenM, have • more gently flowing outline. 

At a iriiol^ for about thiee miUs Mmth'nst of the South Stack the hishly 
inclined and waTing beda leem to dip stewlilf nortfa-wnteilj, at aoglea from 
60° to Btfi TCt M iuteoM i* the contortion that even then it i« never certain 
that the outoroppinfc edges c^ the beds maj not be mere fngments of large 
cnrrcfl, the diu^y doubled up strata showing no sign of the curvature, for 
the topi of the bends have been cat off bj deaudatiun, while their bases lie 
bdow the sea. If the metamorphism of these and the AncleBey rocks be 
of Lower Silurian date, then they must have been anhjected to two forces 
incident to that epoch, one &oro below and local, during the prooess of nieta- 
UMHphic action, and another of more genaal apphcation, when all the Lower 
Sihinan rocks of Wales were upheaved and thrown into broad undulations 
before the deposition of the Upper Silurian strata- These forces acting on 
rocks then buried deeply beneatn great masses since removed by denudmon, 
have produced in plaixs avertical folding of the layers, as in Fig. 70, like niany 
folds of paper crumpled in the hand. 

Oppoate the South Stack the contorted rocks in the upper part of th« cliff 



one ofthe curves, where the strata for a space dip sontti-easterly at a bi)^ 
sngle, I observed first, that the distinct beos consist <rf sandy and schistose 
alternations, and second, that they seemed partly foliated and partly in 
linea iriAont dear foliation. In the following diagram the sand^ beos. No. I, 
are marked with dots and in these I saw no separation of diatmct layos of 
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diiiieTeiit miaentl eubstances, such u would be called foliatioo in the Ksse in 
which it in used by Mr. Darwin, but onlf a sort of imperfect iepustioa of 
material Bometimes arranged in slightlj wavy lines ; while in the schistoaa 
beds complete foliation appears, with much tv/vtinff of quortioee and micaceona 
laminie, each bed, however, still retaining its identity. In No. 2 these con- 
tort«d lamince follow the direction of the bed, and in Noa. 3, 4, and 6 ther 
the beds, somewhat in the direction of the lines in the aandjr beds, but (du 
ting the contortions) at slightly different anf^lea. 1^ question is. Do theoe 
lines that cross the bedding represent both ehaoogt and joUatioa, or may they 
not rather represent /afw beddng wiaifoliation T If the former, then were cleav- 
aue and foliation produced at the same time, and what relation do they bear to 
the larger physical disturbances of the country T The suppoaed imperfect clEar- 
Bge in the gnttj bands would be, according to the theory of Sorbr and lyndal, 
the result of meclianioal pressure, which forced the gnuns of the beds to re- 
arrange themselves in certain planes. In such beds, the whole being qnaitiosc^ 
there were no ingredients present to separate into dilfer Isminn, under the 
mfluence of metumirohic action ; whereas in tiie sebistose stnta, originally, 
like other muddy shales, consisting chiefly of clay and flnely-dtrided partidn 
ot silica, we have all the materiius present, by a le-snaiigement of «4iidi, 
according to their chemical afSnities, metsmotphic foliation might tw prodooed. 
On the hypothesis now discussed, this mctsmorphism must hare taken place 
either before or at the time that eleavage was being fbrmed, both, in the (nits 
and associated shales, or if not, then metamorphism was efibeted at a later date 
irfiere cleavage planes pre-existed. If the metamorpbism was of Lower Silorian 
date, then it is not likely that the cleavage pTs-existed that metamorpbism, for it 
is almost certun that tne cleavage of the Lower Silurian rocks of North Wain 
was a consequence of those contortions of the strata that preceded the deposi- 
tion of the Upper Llandoveiy rocks. But if cleavage and metamorpoism 
were contemporaneous, then the average difference of angle in the lines of 
fblistion in the grits and schists mav perhaps be comparable to that so common 
in ordinary tlaty countries when cleBvage planes pass from true slaty handa 
Into beds of grit. If, however, cleavage preceded tne metamorphinn, tnen Qx 
foliated lanuace represent cleavage planes on which foliation with contortion of 
the foliated lamin» supervened. One other explanation remuns, whit^ ia 
perlu^B the most probable, viz., that the foliated lines in the schist, and the 
unfobated cross lines in the gritty beds, may lie in original lioea of fklae 
bedding, an observation idso made by Mr. Sorby, for aa it is certain that on a 
great scale foliation often coincides with stratification, so on a small scale it 
must often coincide with the minor planes of false bedding, the re-arrangonent 
of material taking place in pre-existing lines. 

East of the South Stack the rocks consist of " China stone," a IfelroaQiia 
grit, with contorted fofiation dipping south at angles between 60° and Sfr, and 
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some of the beds become a kind of quarte-iock. But bj £w the larf^ bod^ of 
ihia latter substenoe in the island fomu the eastern half of Hol/head Mountain. 
This mass extends along the north shore from the lofty cliffs of Gogarth to the 
point of Penrhyn-garw. On the west it is bounded bj a £Milt, and on the 
south-east it dips at low angles and undulates beneath the beds of foliated 
micaoeons schist that f onn tne remainder of the island. 

Butthongh a csrefbl examination of the boundaiy leads a skilled observer 
to the oondhision that the quarts rock dips easterly under the schisty on the 
mountain itself the bedding is either obscure or utterly obliterated. In the 
great quarries from which the quartz rock for the breskwater was obtained, no 
bedding is visible, while innumerable jcHnts ti ' ave rs e the rock in all directions, 
some of them dose and small, others large and hr apart, so that when blasted 
tiie^ioek is somftimes shivend into fragments and sometimaB £dls in great 
masses. The greater jcHnts ran approximately north and soutii and east and 
west, and it was by taking advantage of them in tiie oonstruotion of their 
gaOcrieB that as much as 118,000 tons ai rock lunre basn brought down at a 
single blasting. Neverthelas, though invisible in the auaity, on the sea 
difi, whew i^-westhered seotions are exposed, the bedaing often beeomes 
distiTiBt, and at the junction near Penriiyn-garw beds of quaita lock mqr 
be seen dipping easterly under contorted foliated schist on a low cliff on the 
shore. 

Fig. 72. 




A section aeross the mountain ^m north-we^ to south-east gives the 
following anaDgement of strata i^ 

Fig. 73. 




Q. Quartz rock. 

8. Ccmtorted foliated micaoeoas schist with ninnefoiis qositz lamhiv* 

ft 



Viewed as a whole, the bedding and foliation seem to dip in Ae 
dinotioo, as shown in diagram No. 72, but the little foliated epntoetions are 
intenae and r^d in tiie schist, while a careful study of the whole mountain 
makes it plain that the quarts rock lies in larger curves. Sometimes, however, 
as on the other side of the island, there seems only this connection between 
them, that tiiey dip on the whole in the same direction, the dip c^the foliation 
in the sdiistose or gneissie beds being, however, somewhat gmter than in the 
bttds of quarts rock. Thus at Porth-nannadi, near the norui end of the green- 
stone d^, I observed tiie following appearance : — 

Fng. 74. 




Q. Quarts rock. S. Fcrfiated micaceoiis schist 

The larger strata are here lenticular and false bedded, and it may be that the 
oblique foliations in the schist lie in the minor ^anes of a cross stratification. 
But there are other examples between tiiis and the North Stack, where it is 
diffierent. In one instance the unduli^ing micaoeous quartaoee strata dip 
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Fig. 75. 




slightly noith-weBt with a httle €&lae bedding ; and a vertical lamination that 
seems distinct firom jointing, but is possibly aiffied to deavage, passes across these 
lines. In another case, where the strata also He nearly horiaontellr, I observed 
lines not so dose as those of good deavage, which, nearly at rignt angles to 
the bedding separated the rock into lamine of different colours like an im- 
perfect foliation, and at the same time passed right through the middle of some 
of the pebbles which it enclosed, as in Fig. 73. This, but for the different 

1^. 76. 




coloured laminae, would look like jointing, but at present I am unable to 
explain some of these phenomena, though I do not doubt that a long-continued 
and enlarged study of them over the idands of Holyhead and Anglesey might 
lead to important results. 

Dykes, — Several greenstone dykes traverse the island in a north-west direc- 
tion. One of these almost continuously crosses the general strike of the strata 
for about 7 miles from Cymmeran Bajr to Porth-namarch. Four others lie 
between it and the west coast, running in the same general direction, which is 
also that of the fault which crosses Holyhead Mountain between Gogarth and 
Porth-v-corwgl, and all coindde more or less with the run of many of the 
larger joints. A short dyke lies to the north of the town of Holvhead. 

The North of Anglesey, — From east to west between Carmels roint and Point 
iElianus, nearly the whole of the north of Anglesey is colotued Cambrian. 
The inland part of this area is bounded on the south by faults, easily infened 
by the discordant dips and strikes, both in the interior and on the coast difi* 
between the ordinary and black Silurian shales and the foliated schist and 
contorted grits of the north. This inference is further confirmed by the 
circumstance that a number of greenstone and fdspathie trap or dvan aykes, 
south of Llanfechell suddenly cease at the presumed line of dislocation, which 
we should scarcely expect if the Silurian beds dipped under the folia^ grits of 
Uyn-Fdin-y-nant instead of being Suited against them. Grits and dykes are 
therefore suddenly cut off by a downthrow of black shales on the south. The 
geological date of these dykes is uncertain, but probably, like those of Holyhead, 
they are comparatively old; for it seems likdy that they were intruded into 
mere fissures and jomts which are not faults, before the great fractures took 
place that threw the Silurian strata against wluit seems to be a low part of the 
Cambrian grits, and that for the following reasons : — 

Fig. 77. 




8. Silarian shales, 
c Cambrian rocks. 
T. Dykes. 
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The Silunin rocks S onoe oovend tiie Cambrian grits C, which are pieioed by 
the drkesT, in which case it would appear probable that ihe melted matter was 
merelj^ injected into deqi s eate d cracks, and did not reach the level of the 
{m/Apng Silurian shales ; for, if thqr ever pierced these overlying shales, it is 
improbable that each djke should stop saddenly short at what is now the line 
of nmlt that cats them o£^ seeing that the balance of chances must sorely be 
modi against all of these dykes ori^^udly saddenly ceasing in a line now 
coincident with the dislocation, not one of them having being prolonged 
beyond this line into the continnation dP those once moulted grito that must 
now lie deep below the Silurian strata. 

The above-mentioned grits are the lowest Cambrian beds in this uart of the 
island, and, though altered or foliated, yet lithologically they still Dear modi 
resemblance to the purple and green grits and slai^ bands mat form the Cam- 
brian beds in Merionethshire. They occupy a large section of the country 
be t ween Llan&iryDghomwy, Llanflewin, and Bodewryd, and may be described 
as green altered grits interstratified with greenieh grey and purple slaiy shales, 
containing layers and sometimes beds of serpentine, examples of which occur 
between Uanfechell and Llan&irynghomwy, near chapd, another near Cefia- 
ooch, and another in overlying strata at TreVgela near Cemmaes Bay. 

The veined structure of the serpentines here also accords with the foliation, 
and the grits themselves are foliated in numerous small contortions of quartz 
alternating with a more sedimentaiy-looking materiaL lie metamorphism 
increases in intensity in the lower beds towards the &ult, where the dvan 
dykes are most numerous ; but as the dykes seem ontyto alter the metamoi|Jiic 
strata slighfly in the manner of ordinary dykes, I do not believe that tneir 
presence is in any way connected with we metamorphism. Hie dykes, as 
already remariced, are iliogetha of ]aiet date, and from their direction may be 
of the same age widi the greenstone dvktt that traverse the Cambrian rocks 
of lisnberis and Nant Francon, one of which in the Penrhyn slate quarries 
contained a fragment of cleaved slate. They are probably poat-earbomferous. 

With many minor curves, the northern dip of the strata is unusually dear 
in the broken low roclnr hills, often almost bare of vmtation, that surround 
the lakes and pools of Mynydd Mechdl, and though obscure in the softer 
ahaly gioond beyond, there is reason to bdieve that mere is a general ascend- 
ing section all tne way from the &ult near Uanflewin to the n<»ifa coast by 
Cemmaes Bay and Uanbadrig, where some of the higher strata are clearly 
Lower Silurian, but other parts are of doubtful age, though wparently under- 
lying these Silurian strata. On the n<»tfa shore, between Tr-h^ borlh and 
Cemmaes Bay, the rocks oonrist of blueish-grey, green, and purple schists 
intctstimtified frith each other, sometimes foliated witii quartz laminap arranged 
in wavy lines, which undulate at low angles to the north-east; and agreemg 
as thi^ do with the true north-east dip of ^e grits above described, these wavy 
lines apparently ooindde widi the actual bedcung of the strata. Striking to 
the soutn-east a part of them appear in the green and purple ali^ shales that 
form the low soft countrv beween Bhosbeirio and Cemmaes. The rocks still 
farther eastward, by Amlwd^ are perhaps the general equivalents of the same 
strata, but as a whole they are much more metamorphosed. Their hthological 
cfaaiBcter is generally similar to that which marks all the Cambrian rocki of 
AngksCT, consisting of ''greenish giey> green, and sometimes purple meta- 
** morphic slaty beds, with imperfSsct cleavage, and frequently inteniBdy con- 
^ torted foliation." 1^ foliation consists of numerous quarts laminae, 
strongly contorted with layers of green and purple schistose matter, sconetimes 
interiaminated wUch rerj thin layers of serpentine, proving in this neighbour- 
hood the metamorpluc origin of that mineral, even more than the patches on a 
larger scale near TJimfecheTl and Holyhead Isbmd, in which, as already stated, 
the wavy lines sre so dosdy aUied to those of foUation. 

But in the Amlwch district this intense fohation only rarely coincides with 
the lines of bedding. Thus, near Point ^lianus, about 100 vards south of the 
lighthouse, I observed one case in iriiich bedding and foliatea lines seemed to 
agree, thus — 
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Botwom tiie li^tboDH and the point tiioM iB k divMigenoe In the lines wUch 
r^. 79. 



at the point itself is increaaed, the stnta dipping 35° N, 26° W., k 
bedding is'cioased at angles of about 63° to the norison hj linei, 
pUce BUghtl; tirisled, as in Fig. 81. 

Fig. 80, 




Near Bod EdnjfM-bach, about thrae^uuten of a mile southreaat ol Andwdi, 
in one of the bare rookj bosses that project through the ooil. I obsaved the 
uppeuance piesented b; the following diagnm :— 
Fiff.ei. 



in which the straight inclined tinee dipping at mgles of 71° lepnoent bed£ng, 
and the waving lines blistion, the quarts laminK of which vary from « men 
Une to a quarter of an inch in thickncM. It will be observed that tfaose hnes 
haFe % tenden^ to £Drm ui acute angle with the bedding, but are sudden^ 
beat in a double muve just at the point whcaM th^ pass fiom one stratum to 
■Dother. 
Between Amlwch and Uaiieiliaii the following littte section Is exposed :— 



in wUdi the fobitioB alM hu & putial tendencj to fmn an acute ingle with 
■nd dip somewhat in the direqtion of the lince of bedding ; whUe in anothtt 
" lishthoiiM, iotenaelj contorted end wary folialed lina izoh 



the contorted lines in ^lich nnieh lesctdile foliation, and in this caae pro- 
bably indicate itntificatioii. In the same neighbomhood, nearer Ute EtoH, in 
one melance iriiere what I took for bedding dip* at a fai^ angle, tiie foliated 
linea Ugh^ oontoited ran, on an aver^^ right acmes the dip, while again in 
the neigiiboaifaiood (rf No. 78 the foliabons nm ligaag right across the bedding, 
in die ni ^"''ff shown in the foUawing £agiani : — 



In immmerable otha oaMS the beddii^ is indstsmiiiabls^ mii nothiaf 
bat tha tntenawt foliation nouuiu, aitium^ from fnqwat a^Mrienoe, eren 



Uien the ofaanrci is ^ to eonsida that tba bends sad twist an connected 
fridi^ fitA pohuM indicate, iilililiisliiil lines of beddings which if ptesent 
would imi m the direction of the anowa on opposite aidea of ike woodcnt. 

On the whole I believe that, as there is neoeasari^ a relation between 
dearage and bed^ng in strike and dm, so thoe is often a oonnexion 
in efaAe and ^ betweoi bedding snd foUatimi, for tlioagh the latttr 
in Angles^ genersDj croasca the former at some ai^lc tim sbatificatioa 
as a ^ole dips nortbcrir. and Qte fidistaons vttb innnmoable twists aeon 
in the msin mdined in tlw same direction. In the cases cited also, it is 
cxecBtional to find «4>at I hare termed nn^ staaugbt foliated deanoe, but 
in Om eontcrted examples ilhistntted bj diagrams Nos. 80 to 86 thcte 
msv still be a oonnenoD between '*i<'<i"g demge and foliation, and the 
blWiiur esplanation ot the phenomena seems to bh in many cases not nn- 
■caaonaue. Soi^iose Ine ala^ dnvage to cut in stnigkt lines thiongh beds 
indined at sow ai^^ and that aftenrards fidialaoD was anperindncM in the 
Hne of the cuange plaacs; then, while fdiation was bsng produced hj a 
diemical r»«tranganent of matter aooompanied br moistum sod beat, the 
expansion prodoced bf heat at orcat depths wonla induce intense pressun^ 
one result of which nnght be, tmt toA prtssuie, if exerted rerticiUlT from 
bdow, would in scvne instances oomiscas uw beds and rrdniY their individusi 
diu^ffm— without oblitcntang the stratification, while tkejotiated clraBagt 
pU»tf alto v^tieaih eomprttttd migkt heforttdimto dHUorUdUmamoreorkn 
sens* Hupbmti igbtdm»i, thu s— 



188 



THE eSOLOGT OF NOBTH WALE8* 




Let the strong linea with anows pointing at each other jrepresent true beds, 
and let ^e flunter lines ginelined at a higner angle represent cloivag^ which 
in its ordinfoy state would pass in straight lines from the beds a to the 
beds* by in wmch the cleavage planes are dotted, then if all the beds, while 
underaoing metamorphism, were compressed vertically by heat and expan- 
sion from bdow, the vay compression of the beds h mto a minor thickness, 

say from the arrows that point ^^ to those pointing /^ , would contort 

the foliated deaya^e planes by fordng them to occupy smaller spaces propor- 
tionate to the dimmished thickness of the beds ; so that the stnught dotted 
lines would become curved in the manner shown in the diagram. 

When I speak of pressure from below by expansion, I consider it to be self- 
evident that the present surface then lav deep underneath, the heavy pile of 
strata under which it lay having since been removed by denudation, and it 
was the weight of this great pue, opposed to the expansive pressure bdow, 
that when the strata lay dther fiat or inclined compressed them into thinner 
beds and contorted the foliations, whereas when strata stood vertically the 
tendency of the pressure would be to thicken or increase the width of the bed if 
indeed under such circumstances bedding could be detected at all. 

It may thus happen that there is an mtimate relationship between bedding, 
cleavage, and foliation ; for it is known and has long been accounted for that 
on a Itf ge scale ihe dip of slaty cleavage is now and then coincident with tiie 
bedding. In general cleavage and bedding are inclined in the same average 
direction on the opposite sides of the great^ curves of disturbed strata^ the ex- 
planation being that the pressure that produced the curvatures also produced 
the cleavage in parts of the formations that lay deep under^und. Therefore 
it happens that if contorted foliation supervene, the wavy Imes will also show 
a relation to the dips of the original lines of bedding. 

There are other cases, however, in which I believe, with Mr. Sorby, that the 
planes of foliation coincide with true or with false bedding, perhaps only an 
imperfect cleavage, or none at all, having been present when metamoiphism 
took place. In the case of foliated false bedding, the foliations might still 
be contorted, while the massive beds at certain angles of inclination would be 
compressed. 

Cemmaes Umestones, S^c. — I shall now briefly describe the most northern part 
of the island, where the limestones and other rocks of Cemmaes fiav appear to 
be the highest beds of this series. The greater part of these are much contorted, 
highly metamorphosed, and gi'eativ broken by faults. In Forth Badric and at 
Ogo-gyfwr, in tne midst of these raults, there are two streidu of ordinaiy black 
Suunan shale, the most southern of which contains graptolites, but all the re- 
mainder of the strata seem to be unfossiliferous, ana consist of bands of lime- 
stone, sometimes impure and siliceous, and banded with inconstant black shaly 
layers. The limestone is often highly crystalline, and has been broken by 
intense pressure into numerous fra^ents, and re-cemented by calcareous veins. 
These bands are interstratified wim beds of grey and blue altered gritty shales 
rsometimes nodular), and with quartz-rock, the whole being so excessively con* 
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toited and broken that *' smashed " is the only word by which tiieir appeanmee 
can be expressed. In Forth Badric itself there are grwt beds known as China 
sUmey a kind of fblBpathie qnartz-rock, which is trarersed by many ferruginous 
veins, and in which the bedding is indistinct. These masses have been quarried 
and ground to mix with China day, and tiie substance ia also said to have been 
used for the adutterstion of guano. 

Beyond the limestones on the cliffiB of Glodio and Hell's Mouth there are 
beds of quarts-conglomerate and quarts-rock (in which there are ''China- 
stone " quarries) dipping northerly at angles irom SOF to €XP, The anange- 
ment of tiie whdie, mnlted and contorted, about three-quarters of a mile east 
of Forth Badrig, is shown in the six-inch section. Sheet No. 40. The section 
dose to the shore is rather more complete, and the rocks lie nearly as shown in 
the following diagram : — 

No. 1 represents quarts-conglomerate and 

3uart8-rock endosing a band of limestone No. 
, immediatdy north of Ogo-gyfwr, where a 
band of black shale. No. 3, with gritty bands, is 
let in between two faults ; No. 4 is tibe buid 
of broken limestone on whidi Llan«Badrig 
stands, whidi is repeated by a IkuHed antidinal 
curve at No. 4' where it again rises, overlaid by 
broken giitty shales. No. /, in a contorted syn- 
clinal axis ; Sfo. 5 is another lower limestone, 
in the midst of similar contorted rocks 8 near 
Cemmaes, and the rocks in the bay marked 
Portli Badric consist of similar contorted gritty 
shales, ouarts-rock, and China stone, in tiie 
midst of which there are two bands of black 
ahaksy marked No. 6 and 6', one of which, that 
between the fudts /, /*, contains graptolites. 
These shales bdong to Silurian strata^ and it is 
possible that they mavbelet in by faults among 
altered Cambrian rocks ; butlammoreindined 
to believe that the whole series, induding the 
limestones, is Silurian, especially as five ixules 
further w^, on the coast between Forth-yr- 
yagraff and Carmds Foint, there are thin irre- 
ffidar bands of crystallized limestone, containing 
Hala or Caradoc fossils, mixed with foUated 
shale, under conditions somewhat similar to 
those at Cemmaes Bav. It is therefore Iflcely 
that the limestones of Llanbadrig and all ibe 
associated rocks belong to the same series; and 
thus it happens that it is impossible preosdy 
to determine on the north coast of Anglesqr 
how much of the strata are of Silurian and 
how much of Cambrian age, more emedallv 
as we know thst east of Amlwch ana toum 
of Uanerdiymedd a considerable extent of Silu- 
rian rocks hiave been metamorphosol into gneiss 
and mica schist. 
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SUurian roeii and granite of Ike 

Island. 
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The largest Silurian area of Angleaef lies 
towards the centre of the island (Map78 N.W.), 
bounded on the north-west and south-east 
bv the metamorphic rocks almd^ described, 
liiough somewhat obscured by drift, dnvage, 
and metamorphism, the strata as a whole pre- 
aents an ascending series from the granite and 
fossiliferous grits of Uanerchymedd to the 
black slaty shale feiulted against ih» Cambrian 
rocks west of Paris Mountain. 



o 

H 
O 



*-« M 



^ 



H 
a 



190 THB OSOLOGT OV NORTH WALES. 

Gramme.— The ipftnite tWM in a broad inegnlar belt^ nearly 12 miles in 
lenfffhy across the ishmd from the south-west coast near Llanfaelog towards 
Bodafbn Mountain. Its greatest width is under 3 miles, near LlanerchTmedd. 
Where best developed it forms an ordinary ipranitei composed of ouarti, felspar, 
and black and silyerj mica (see 6*inch Section, Sheet 40, line 2), out in general 
it is a poor and rather coarse yarietj, the felspar indifiiBrentljr dystaHiied, and 
the mica often absent, when it somewhat resembles the kindred rook that lies 
amid the •Cambrian strata between Bsagor and Oaemarron. 

The rodts suivoundin||^ and entangfod in this granite are somstimes very 
perplexing, especially in its centre north of the uohrhead road, and on the 
eastern borders^ where, owing to thebr metamorphic chancter, thsre is no sure 
way of determining whetiier we strata sre of Cambrian or Silurian age. One 
of these doubtful masses north-east of the granite forms the auarta-rock of 
Bodafon Mountain, which, both in general struotuie and in tne absence of 
distinct traces of stratification, dosely resembles the ^uarts-rodk of Holyhead 
Mountain. It probably lies in the centre of an anticlinal axis, for the un* 
doubted SUoiian rocks on the north^^west dip from it, and some miles south of 
Bodafon the black Silurian shales of Llangwyllo^ orerlie a southcm prolongs 
tipn of the rocks of the mountain. All along tins side of the granit^ towards 
Caernarvon Bay, it is more or less bordered by a belt of hard fekpatho-aUioeouB- 
looking rock, sometimes fEuntly laminated or more clearly foliated, and rarely 
showing tiie bedding, which, as in the quaiti rock of Bodafon Mountain, has 
often been obliterated, not l^ foliation so much as by a kind of induration of 
the fine amorphous siliceous strata. Near Bodwrog foliated portions of these 
rocks extremely metamorphosed are interlaced widi the granite in tiie most 
perplexing manner; and a little forther west, and immMiatel^ noHb of the 
Holyhead Road, there Is a mass of altered rocks, about 3 miles in lenath, 
entirely surrounded br granite. Not that there is any definite bounduuy 
between them, for the foliated semi-crystalline rock is scarcely separable from 
and seems almost to melt into mnite, rather than to skim its sornee. Roond 
Crai^-yr-allor, about half a mifo north of the turnpike road, the rodcs often 
pass msensibly into an extremely foliated homblendic gneiss, similar to tiiat 
near Caerwen and the HoUuid Arms, near the ooal field. In places the rock 
IS fto crystalline and homblendLc that it has often been mistaken for a mass of 
greenstone. An instance of a more complete metamorphism of the same 
nature occurs in the long line of highly crystalline black homblende-rodt 
that farther nordi skirts the east side of the granite between Ynys^cynrig and 
Llanfihangel-Tre'r^beirdd. 

On the west the demarcation between gfanite and gneSisio rocks and un- 
altered strata is often equally obscure, so oapffeiotts are the vamifioations and 
passages of the rooks into each other. Sootn of Llanerdiymedd it is on this 
account literally impossible to map the fj^tanite without indudiag in it manj 
streaks and patches of ^eiss; and this is mon the case where 9ie granite n 
associated with fel^thic sandstones tiian when it abuts on dark slate or shales, 
as if there were an wtimate conneotion both fai the bhange of these Mspatho- 
silicious rocks into gneiss, and also fai the v&ej foct of the ^>pearanoe were of 
the granite itself in ramifying veins ; for however dosely the mass of gratdte 
may abut on black shales, it is rare in the island to find good gvamte veins 
intermingled with them. For instance, near T^Asm^r-bML, eouth-weet of 
Llanerchjrmedd (see 64nch Sections, Sheet 40, line 3), innumeiable mmite 
veins ramify among the gneiss, the metamorphism of the latterbring so decided 
that granite and gneiss are inseparable. Again, further south roimd Uan- 
drmrn and Llecheyn-Jkrwy, mucn of the granite has a homblendic character, 
ana this alouf witii gnsissio streaks occurs so capriciously that both are not 
only inseparable from ordinary granite, bnt the geological mapper oonstentlj 
feels doubtful whether or not the whole should be induded witn the gneissic 
rocks. It is thus impossible to woik in this country wititout being constantly 
impressed with the idea that the granite and its veins themselves are merely the 
result of a more thorough metamorphism than was attained in the production 
of the associated gneiss ; that is to say, that absolute fonon of portions of the 
strata occurred under conditions deep beneath Hie suxfoce, and tiutt recon- 
solidation of these fused portions by coding nrodueed granite. If this be so^ 
it will hdp to account for the diiBoully of defining the Smits of tiie streaks and 
pM^kMAf flTQeiasBO intimatdy associated almost everywhere with tiie mass of 
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Ihe gtmitey and ilao with ibe fkefc that the stntified rocks in plaoM close upon 
its meigin dip indiff^BRntly hoth towards and firom it, not as thej ought to do 
if the granite had heen heaved up in the midst and had thrown m the beds on 
either side, but rather at if pari vf ihe gtraia hmd beem uted ^ fin- the makmg 
of tke graiiU itt^f. In tnis case a]so*there is an obvious reason why the 
genend strike of the strata and of this granite is the same, to my mind ftr more 
satisfiMstoiy than to suppose that the s&ke has been produced oy the upheaval 
of the gruiite, more espedally as the strike of the Anglesey CSambriaa and 
Silurian rot^ fonn part of the great general syitem of contortion that aiSscted 
Ncnih Wales before the beginning of the Upper Silurian period* 

These opinions are not contradicted by anything known of other parts of the 
island where gneissic and granitic rock occur, and these I shsdl now briefly 
notice before proceeding to we stratified rocks. In the west of the island, near 
Uyn-trefirll (Map 7B N.W.), there is a small patch of granitic around which 
the Silurian rocks are much altered, being interlaced by numerous granite veins. 
North <tf Llanerehymedd and L]andyfiy£g, amidst the Silurian sandstones and 
oonglomerates, thm are several small patms of ro<dc oolouied red in the map ; 
they are homUendic^ and have generally been considered greenstonea, but 
appear to me rather to be metamorphic, and somewhat of t£B nature oif the 
hornblende-rock that skirts the grwoite on the east, and of tiio homblendic 
gneiss of Gfaig-yr^aUor W. of Bodwrog, more especially as they follow in the 
strike of soma of the lines of granite that streak the strata west of Uancrchy- 
medd. 

West of Traeth Dulas there is a larger granitic mass, which stretdies about 
2 miles inland from the estuary. The granite is necessarily mi^ped] chiefly 
as one mass, with several simJler patehes piercing the associated highly 
metamorphic gneissic micsrschist on the soutii; but in reality tiiey are insepar* 
able from each other, so intimately do th^ seem to be interfaced* A better 
ezhibition of similar rocks lies frurther nortn, between Paris Mountain and the 
sea chib of Uanwenllwyfo. Here also the lines on the map are barely i^prozi* 
mate, it bcin^ impossible, in quarries and little road sections, to detennine how 
mnch ia granite, and what are its relations to the metamorphic gneissie and 
qnartaose rocks amid ^riuch it lies ; but on the coast dift, wmre nearly a mile 
of section is exposed, it is more dnr. At ettiier side the metsmorphie region 
ia bounded by frnilts, as riiown in the 6-inch section in Sheet 40, hue 5^ 
wludi etosses the country so near the sea that the rocks on the chilb have been 
oonridered typical of those imperfectly illustrated in the drawing. The iault on 
tiie south is certain, black shales and thin grits being on uie ooaat visibly 
thrown against the altered strata. 

On the north the evidence of a finilt, if leas plain to the eye, is nearly as 
conclusive ; for dose up to the metamcnpliic rocks black slaty shales at high 
angles dip northerly, broken near their boundary, and seamed with veins of 
quartz ; while immediately south of the boundary line, excessively metamor- 
phic grits, also much broken and full of quartz veins, seem to stnke at the 
slate at low uncertain angles. These bMs are a kind of calcsreous quartx- 
rodc, oonfosed, broken, and contorted, and among them veins of imperfect 
gramte ramify. North towards Porth-lygan they pass into a kind of rough 
gneiss, the seeming product of metamorphosed grits, imperfectly foliated, and 
literally so squeena and .broken that the miuuhed frvgments, as ahom^n in 
section, tcKceij dip steadily in any direction for a yard. On ihe north beach 
of Pofth-lygan the tocks lie in very ndcaoeous wavr foliattions, dippinff 
nort h er l y ; and in the hollow of the ba^ there is about 60 or 70 yards of olack 
unaltered shale, without veins of granite, with a northerly dip of 60^ or 70^- 
Sontii of this there is a repetition of the same kind of micaceous schist or 
gndssic roel^ mingM witii quartz veins and highly metamorpldc gritty bands, 
dipping northerly in undulating lines. Close to the outlier of Old Red 
Sandstone, seen at low tide unconformablv lying on tiiese rocks opposite 
Uanwenll^ijfo, the micaceous and talcose scnist is as red as blood, bdng tiie 
metamorphic representation of the fossiliferous Sflurian strata. Most of tiie 
tocks are calcareous, and water peroolating through them degowts pirtches of 
calcareous tuffik on tiie elilb. Some of the more gritty gneissic rocks seem as 
if they had been altered almost to the point of fusion ; and in them, but espe- 
cially in the larger patches of the red flakey micaceous and talcose rocks, there 
are nomsrous small nmiiyiiig granitic vetDs; and soma gcaiiitic mnnma, com- 
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posed of quartz and felspar, look as if contained in and entirely surrounded hj 
metamorpnic rocks. These may be, as I once considered them, tiie ends of 
veins that branch below, or else they were connected with portions of ramifying 
veins above, but which have been, with portions of the strata, denuded away. 
But it seems to me quite as probable, if not more so, that they are simply por- 
tions of the rocks that have passed the limits of ordinary metamorphism and 
been converted into a kind of granite by a more complete fusion of material; 
and this is not unconnected with the circumstance that, while here the lar^^er 
masses of associated black carbonaceous shale are almost entirely unmixed wiUi 
granitic veins, both these and some of the smaller beds of black shale mixed at 
random in the schists seem, as a rule, to have been too refractory to admit of 
metamorphism, perhaps partly because of the absence of lime, and the bad 
conducting quahties of carbonaceous rocks, heat being certainly one of the 
agents of metomorphism. 

Silurian rocks.-^Die remainder of the Silurian rocks amid which the granites 
lie require a brief description. East of the great mass of grtmite in the middle 
of the island, near its north end, there is a belt of black slaty shales, neariv a 
mile in width, overlying the green and grey foliated grits of Lkmgwyllog. 
Although no fossils have been observed in them, there can be little doubt that, 
like the rocks on the other side of the |;ranite, they belong to the Caradoc or 
Bala series, curved, to judge from the dips, in the manner shown in the 6-in(di 
section. Sheet No. 40, line 2, and apparently dipping towards and &ulted 
against part of the great mass of foliated Cambxian rocks near the river CdTni 
that lie north and west of the coal-field. 

East and north-east of the coal-field undoubted Silurian rocks again appear. 
It has already been stated that Silurian rocks probablv strike from Bangor 
across ti^e Lavan Sands to Beaumaris, and concealed by deep drift, encirde 
the north end of the metamorphic Cambrian strata to Red Wharf Bav, 
where they are seen to be cut off by a fault which throws them down on the 
esst against a part of the gneissic rocks below Mynydd Llwydiarih. From the 
middle of Red Wharf Bay to the south-west the strata- are much dislocated ; 
and if it be considered tnat the relations of the Cambrian and Silurian rocks 
are here too obscure to admit of certainty in the lines of fault that seem to 
affect them, the existence of several large and well defined north-east faults 
within a narrow area is rendered certain by the manner in which the Carboni* 
ferous limestone and coal-measures are affected between Red Wharf and Mall- 
traeth Bav. It appears as if between two of this set of faults the black 
Silurian shales east of Pentraeth were let down between the .metamorphic rocks 
in the manner shown in the accompanying diagram.* 

Fig, 88. 

N.W. S.E. 

Pentraeth Church. Plas-f^yn. 




I. Metamorphic rocks. 2. Silurian shales. 3. Carboniferous limestone. 

This band strikes southerly, and between Plas Penmynydd and Flas-Berw 
it is &ulted against the Carboniferous limestone, and further south, at Hendre- 
gadog, against the coal-measures. At Plas-Berw its relation to the Car- 
boniferous and metamorphic rocks is shown in dia^rram (No. 96) ; but whether 
so far south it is faulted against or regularly overbes the foliated rocks on the 
east is quite uncertain. 

Probably the whole of this strip belongs to a low part of the Caradoc or 
Bala beds, although it is possible that some of the black shales near Pentraeth 
may be Llandeilo oeds. South of Plas-Berw, where the rocks consist of shales 
and interstratified grits, the Bala fossils obtained were — Orthis ctdUgramma and 
0, eUgantula, Stenopora fibrosa, Encrinite stems, Asaphus Powisii, Calymene 
brevicapitata, and Phacops apiadatus, 

* See also Horisontal Sections, Sheet 40, line 6. 
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It hia been abeadf mentaoned that bcjond the centnl gnnite near Uaner- 
chjnedd the <Upa rf the SilnriaiT lodu pieaent an aaoaiding lection from 
■onth to north. The qnarta-roclc and foUaled achiati of Bo£fon Mmmttjn 
and tta neghbonriiood ia orcrlaid on the north-west by black Silmian ahala 
and giita, whidi etretch &tBn thenoe ^ng the bordere of the granite to the 
■onttweet coaat by Lljrn Faelog and C^mmenn Bay. Aa a who&, these beda 
dip nmth-weate^ from the granite at angles between Slf and 60°, and in moat 
plaeea jidd to cwefiil sewch a conaiderable number of the ordinary Bala 
nanla. It will be obserred that north-eaat of the aands of IVwyn-ttewan the 
leeogniMd Shman racka lie in a nanow bend from li to 2 miles wide, be- 
tareen the granite and the filiated rocka of the west irf Angleecy. Ae agencml 
nile, on toe sonth-east, east, and north-east of these roeka the on^nMed 
Sifantan beds dip from the metamorphic rocks as if overling them and from 
the aacertained dips there ia ereiy appearance of a ■jntdiosl curve betwixt the 
lUiatad schists and the granite, bnt the whole boundary is so obscnred by . 



drift, from l^rwyn-trevran inland and carving round to Yr-(^o.<och, Dear 
Cannels point, that unknown holts may prevail, and besidee, there ia no 
•etiuitj tnat part of the metamorphosed rocks of this area may not be altsed 



Silnnan beda, becanse the fossihferons grits do not neeesssnly represent the 
VST base of the Bala seiiea. 

Whoe the Silnnan rocks broaden, in the caitnl part of the north of the 
island, the mosv ffrittv fbssilifenMis bed of the series is near lianerchyniedd, 
about 2 miln wide, dipping mostlj nuth-west (see Man and Section, Sheet 
40, line 2). By d^jrees the grit bands become fewer, and the atrata pass into 
blac^ sl^ shales, shown in a considerable number of small exposures west 
and north of the river Alaw, these sections being, however, often so small and 
nnsatishctory that it is impossible slways to determine whether the observed 
planes indicate tnie bedding oideavsge. In one little quany, however, by Rhos- 
ganol near Uaobsfao, it is evident that in the caae of homogeneous slaty 
xoika the observer might easUj be deceived, for in a space of about 50 feet the 
picaence (rf a very tbm band or of thin bands of grit revealed the excessive 



oonttRtion of cleaved strata, in a manner impossibte to guees in the slaty rock, 
where all is equally fine and of one colour. But for the grit, the clavage 
rnight bat roulily be mistaken for bedding. Notiritiutanding these per- 
plexitis*, enough of evidence, however, renuuna to show that the average dip 
of the country ia towsrda the metamorphic foliated grits of the north of the 
island, and, for reasons already stated, it ia beheved that they do not paaa 
under, but an faulted against them in the manner shown in the 6-inch section, 
and in fig. 77, p- 184. 

Between Llaubabo and Carmels Point, at the ncffth-west angle of the island, 
» band of Silurian black ala^ ahales, grits, and conglomerates, about li miles 
iride, strikes north-west between the more altered strata. They are often fer^ 
mginons ; and adverse dips and strikes, in lines, in rocks of different kinds, in 
cImc proximity with lodes of quarti, often give fair evidence of faults, which, 
to a careful obaervatdon, are especially evident ronnd IJanfairyghornwy Moun- 
tain, and in the intricately broken rocks of the coast cliffs between Yr Hen- 
bcvtb and Church Bay. 

Some portions of these Silurian rocks are partially foliated in numerous small 
contortions, as, for instance, in one case by a footpath near Llanflewin, and tiie 
imperflBctfy granitic vans and dykes between the neighbourhood of Mvnachty 
and Yi-oga-'t Aiian, seem connected with Silurian and peesibly with Cam- 
biian atntk. In the concntionaty half-aTetalline limestone of Forth Newydd^ 
5848. K 
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near CahUete Point, u already rtaM (p. 178), tha Canwloc ot Bala aga of the 
rooks is, boTCver, aliown bv the few fosaila fbund then. 

Eastward, the undoubtea Bilurian strata occupy a broader tract on the shore 
between the Old Red Sandstone, which coven them on the sonth, and lite 
foliated rocks of Point j^lianuB. These have already been partly noticed in 



describinr the granitic rocks that lie amons them. 

It has been already stated that blacic shales, interstntilled with ttkin grita, 
ate t^ulted against the gnussic roclcs on the north shore of Dulu Bay. 



Similar slaty beds with waving dips, and disturbed by the intrusion of a 
branching greenstone dyke, continne south along shore to the estuary of 
Traeth Dnl&s, near which inland the dip is unknown, except in so fb' that the 
neiffhhouring ground seems to indicate that it is oontortea, with avenge dips 
to tne north, the Old Red Sandstone lying highly unconforroably upon it. On 
the north side of the metamorphic rocks the strata also seem faulted against 
them. They consist of prey and black alateE, dipping northerly at anglea of 
from 70° to 80^, if the hnes of apparent dipareto be trusted, for the lavera 
an partly foliated with wavy quartz laminae. On the north side of the iWt- 
y-gwichiad the roclu are sometimBi punlinff,' and in the very last geological 
excursion made by Sir -Henry De la Becne 1 pointed out phenomena to 
him, which strongly attracted his attention. The strata there consist of soft 
dark blue or black slaty ahale, with nodules and short thin nodular bands of 
grit lying in planes which, were thqr absent, the obeerver would not know 
wbeuer to oaU planea of bedding or cleavage. But even their piesencc does 

Fig. 90. 



not remove the difficulty, for when closely examined the highly jinclined Uaea 
are seen to be traversed by numerous finely. contorted lines, which, but for 
the gritty nodules, would oe considered as obscure lines of bedding, la 
the highly inclined lines there is also occasionally a feeble separation of 
different coloured laming, and also , faint lines of foliated quartz ; and this 
renders it still more douhthil whether or not the concretions and thin lenticular 
quartzose bands may not also be arranged rather in lines of cleavage than of 
bedding, this result being due to some peculiai influence of metamorphism. 
On the north tide of the bay the shales are light green and brown, and contain 
patches and veins of quartz and wedges of quart*-rock with a northerly dip, in 
which an foliated lines, thus, — 




Between this bar and Porth>y-oon^ the strata consist of bluish-black slaty 
■hales, interatratified with grit and beds of rudely oleaved conglomsate, tile 
[tebblea of the latter being often set in a rough sla^ matrix. They are some- 
timee but little walerwom, and are mingled with blocks and nests of impure 
bmeatone, aometimea a few inches, sometimes more than a foot in diametv. 
In these no fosnls were observed. Their goiwal arrangement is shown in Uw 
fawiiontal section. Sheet 40, line 6, and dcAvage and dip ne&rly coineida. 
nom their position it ia evident ^at they belong to the satne act Hf coo* 
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glomenies and ffntstiwl band the Silumn rocks ftntiier wart. Taken aa a 
whole, tiieae ttntA an oonataniy though the individual beds are soaitered and 
imgular. The pebbles of the conglomerates are sometimes 6 or 8 inches in 
diameter, and, taken from different places at random, they consist of white 
V^i^^^f W^ quarts-iodc, mica slate, green schirt, jasper, purple slate, a |;ranitic 
rock of quarts and flfilspar, wHIi sometimea a little miea, blue fiilspathio tiui, 
dark green hornblende rode, and chlorite. Mort of them are rounoed, bat the 
ineen schistose p«bbles are generally angular. It is worthy of remark that 
this assemblage is much the same with that found in the Cambrian con- 
glomerates of Uanbens, and, though on a hastr examination it might be 
sopooaed that the matsauirphic and gnnitic pebbles of these oonghnnerates 
inu(Ut be denved from soma of the Anglesey rooks themselTei^ it is evident on 
reflection that such was not the case, the metamorphism of the Anglesey 
rocks having taken place after the deposition of the Lower Silurian strata, 
A greenstone dyke, formed of felspar and hornblende in about equal pro- 
portioiia, pieroes the strata of the coart, running slightly across the oeds, and 
several other patches occur further wert. In Porth-y -Gorwg the liu4t ooours 
which throws these strata against the more metamorphic rocks of Point iElianus. 
Tlie grits and conglomerates alternating with slaty bands, here shows the dip 
id the undoubted Silurian rocks to be northwards at a high angle, and striking 
aa thev slightly do againrt the foliated rocks thai form the north nde of the 
bay, toe nnlt may be eonndered certain. Wert and south-wert of this point, 
towards Paris Mountain, this &ult is continued, and forms one of a srt of 
dislocations, which, Judging by similar conflicting strikes, seem to indicate that 
tiie black shales and eongk>metates and tiie more foliated rocks are dovetailed 
anong each otiier in an intricate manner, al^ugh this confusion maybe 
parti V due to the effiscts of mere metamorphism, whidi between Paris Mountain 
and Amlwch is so powerful that south-eart of the town the rocks almort appear 
aa if streaked with bands of felspathic trap, while a nmilar mass by Caneg- 
winDan is with difficulty separated on the eart firom the fbbpathic rocks of 
Paris Mountain itself. 

Pofif IfoMilaM.— The rocks of Pans Mountain oonsirt of two bands, that on 
the south being alone separated from the granitic and gneissic rocks by a 
narrow belt of Hack daty shale. Between them is another band of very buck 
shale containing graptoutes, and in the midrt of this, between the feupathic 
wasBPi, lay that great bundi of copper pyrites which, ttcoqit in oerfcain minor 
branrhing veins, has been almort entirely quarried away. It is a difficult 
matter to name or decide on the origin of the hsnl msssffi that are associated with 
tiiese shales. Sometimes thc^ look like felspathic traps, and at other places 
Hiey seem more nliceous ana break with a flinty fracture. Sometimes they 
ha.ve ft bedded aspect, and are streaked with blue, looking as if, when form- 
bk%, the rode had been slightly intermingled with flne dark-blue mud. ^ The 
whole is more or less rusty-looking or femi^;inons. From a hand specimen, 
or even on the ground, its bedded look indmes the observer to class it with 
tiie mme flndy Mdded fdstMithie ashes of Caernarvonshire, and in other spoia 
it might be ww^^^iraw for the nnsedimentanr felspatlie trap of Snowdon, and 
again in part it resembles that fdspathic substance that near Penmachno enters 
into the composition of large lodes ; but I rather incline to consider It mereljy 
ft metamorphic mass, altered from an original nearly homogeneous fdspathic 
ffock, even thougb in aeootdanoe with tiie more genoal oinmon it Is coloured 
nitiw map aafelspaaiotnp— ft reading that may be Icffitimate, if deep ondsr 
gnmnd those sedimentary liters wero partly heated to absolute Insloii. 



Summary of the Cambrian and Silurian Rocki. 

Sacli IB a brief aoooont of the Cambrian and Bflnrian toda of 
Ajiglesey, an acooimt necessarily imperfect, oiring to the meta- 
Biorphic character of much of the coontry; for though it is 
easy to decide that the black shales and fbanliferons grits are 
Klorian, and though it is probable that the greater part of the 
flftore hi^^y foliated rocks may be Cambrian, yet the limits that 
£vide tiiem are ariintrary and Uable to doubt The merely 

N 2 
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Btratigraphical yiews here adyanced in the main agree with those 
arriyed at by Sir Henry De la Beche^ Mr. Smyth, Mr. Selwyn, 
and myself. There are, howeyer, peculiarities in Anglesey Aat 
must not be omitted. In the greater part of North Wales the 
Lower Silurian section passes from the Bala limestone, through 
the lower part of that series to the Llandeilo flags, and in places 
through the Tremadoc slates to the Lingula flags, which pass 
into l£e grits, conglomerates, and green and purple slates of the 
Cambrian strata. All of this series is belieyed to be tolerably 
perfect in Merionethshire and the southern part of Caemar- 
yonshire. In Merionethshire, from the Bala limestone to the 
Lingula flags, there is a depth of 5,500 feet of slaty beds and 
grit; the Lingula and Tremadoc beds themselyes cannot be 
estimated at less than from 5,000 to 7,000 feet in thickness ; and 
in the Lland^o and Bala part of these great accumulations are 
intercalated two yast yolcanic series of felBpathic layas and asheai 
But much of this great array yanishes as we pass the ridge of 
Snowdon. There the topmost beds of the higher yolcanic rocks 
represent the Bala limestone, and between it and the upper lake 
of Llanberis the whole of the Silurian series below, excepting 
perhaps the Tremadoc slate (the beds nearly yertical) is packed 
into a space scarcely greater than that occupied by the Lingula flags 
alone below Moelwyn and Cader Idris. The thick fossiliferous 

S'ts of Dolwyddemn, Moel Siabod, Cynicht, and Moel Hebog, 
ve dwindled to a few hundred feet of strata that lie amidst the 
lowest felspathic traps of Snowdon ; 6,000 feet of slaty rocks below 
haye yielded no fossils whateyer, and the Lingula beds of the 
passes of Llanberis and Nant Francon are barely 2,000 feet thick, 
while certain well-marked Cambrian masses dwindle in the same 
direction, for in 2 miles the uppermost Cambrian grits decrease 
from 1,300 to about 900 feet in thickness. In fact, each formation 
or subformation in succession gradually or rapidly thins away in 
its passage from south to north, and this is especially eyinced in 
that remarkable diminution of the Lingula flags which occurs in 
6 miles, between the pass of Llanberis and Nant Francon, and the 
shores of the Mentu Straits, where, at Caemaryon and Bangor, they 
are not distinguishable, iS indeed they haye not thinned away 
entirely at the latter place, where the only known fossil near 
the altered Cambrian rocks is a Llandeilo species. Here, how- 
eyer, there is to be borne in mind the possibility of the 80-<»lled 
Cambrian rocks of Bangor being altered Lingula flags, although 
both texture, colour, and the structure of the country b^ 
eyidence against it ; and this slight doubt must be extended to 
Anglesey, where similar conditions in part preyalL There no 
trace of Lingula flags has eyer been discoyered; and if the 
metamorphic rocks are mosUy Cambrian, and the Silurian beds 
lie unfaulted upon them, it is plain tiiat the Lingula flags 
haye tiiinned away altogether. This is perhaps less surprising 
when we consider that in the only other pandlel western dis- 
trict in Wales, that of North Pembrokeshire, the Lingula fla^s 
are of small thickness and were long undiscoyered, and m 
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parts of Ireland they do not exist at all^ while Llandeilo or 
Bala beds lie nnconformably (as in Sutherland) on Cambrian 
strata. The Bala beds of Anglesey are also different fiom 
the larger part of the slafy Silurian masses of the passes of 
LJanberis and Nant Francon, and as a whole more strongly 
resemble the fossiliferous grits further south that surround Moel 
Helx^y Cynicht^ and Dolwy ddelan ; and thus it becomes doubtful 
even if the Bala beds of the centre of Anglesey in contact widi 
supposed Cambrian rocks are even the lowest beds of the Caradoc 
series. This would further add to the difficulties that surround 
the question^ were it not that it is certain in Caernarvonshire 
and Merionethshire fossiliferous strata of great thickness very 
rapidly pass into ground barren of fossils ; and it may therefore lie 
the casCj that the lower fossiliferous rocks of Anglesey represent 
the barren slafy rocks of the Pass of Llanberis, that lie above the 
Liingula flags. 

Old Red Sandsttme. 

Thoogh the chief object of this memoir is to describe the Lower Silurian and 
Cambrian rocks, it will be weU, before closnig the subject of Anglesey, briefly 
to notioe the newer formations of the island in ascending order. 

On the east coast the Upper Old Red Sandstone commences in Dulas Bay. 
A fragment of it is exposed at low tide on the beach opposite Llanwenllwyro, 
resting unconformable on the red metamoiphic micaceous and talcose rocks 
from the waste of which it was made. Furtner south the main mass appears 
lying, also nnconformably, on Sflurian shales, generally in the manner shown 
in the 6-inch Section, No. 3 of Sheet 40. It is there about a mile in breadth, 
and farming a bold escarpment above IVaeth Dulas, it dips and undulates 
easterly at angles of l(r, apparently partly faulted against, but general^ 
dipping under, the basement beds of the Carboniferous limestone. From the 
coast it trends southerly in a sinuous strip, lying indiffisrentl^ on Silurian and 
Cambrian rocks, to the neighbourhood of laangefni, where it is cut off by a 
small fiudt, and overlapped by the limestone, for beyond that point it 
does not reappear between the Carboniferous limestone and the Cambrian 
rocks south-west of Langefni. Where seen its base consists of a coarse con* 
gkMneiaie of ouarts, quartz-rock, gneissic rocks, &c., derived from the 
waste of the older stn^. In some cases these pebbles are embedded in 
a base made chiefly of the red micaceous matter of the adjacent meta- 
morphic Lower Silurian rocks, like that in the detached patch on the shore 
opposite Uanwenllwyfo. The remainder consists of red and gre^ sandstone 
mnd comstone (impure concretionary limestone), with thin partings of red 
marl, and the entire formation is about 600 feet thick. No fossils have yet 
been discovered in an^ of its beds, but, should they be found, they will 
probably be plants akm to those in the uppermost Old Red Sandstone of 
Ireland, which some persons now incline to place .with the Carbonifrrous 



Carboniferous Limestone, 

Hie Old Red Sandstone is overlaid on the east by the Carbonifrrous lime- 
stone. On the shore of Uigwy Bay, within a short distance of the section, 
the base of the latter formation is so much broken and shattered that there is 
reason to believe thttt at this point the two formations are brought against 
cadi other by a fruit which dies awav further south. The base of the series here 
conusts of about 200 fret of irregularly bedded sandstone and conglomerate, 
fanned of pebbles of quartz, qujotz-rock, sandstone, &c., rounded and sub- 
angular, and ranging in size mm a grain of sand to 2 feet in diameter, all 
seemingly derived firom adjacent older rocks. Associated with these are what 
may be aiQed nests of hard grey limestone, sometimes a yard in diameter, and 
lenticular irregular beds of the same rock full of large productas, encrinites, 
and corals. Near the top there is a bed resembling comstone, and the whole 
of these sandy beds range south in a narrow band with the Old Red Sand- 
stone for 8 miLes, from Lligwy Bay to the neighbourhood of Uangefri, where 
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both are cut off by the same doubtful north and south fimlt thftt panes 
through the east end of the town. After that they thin out, or are overlapped, 
for they do ax[ain appear beneath the lunestone that borders the ooal-neld 
north-west ofMalldraeth Marsh. 

These sandstones and conglomerates are overlaid by more ordinaxy beds of 
the CarbomferouB limestone, differing, however, {h)m the greater deposits of 
South Wales and Somersetshire in this, that they include beds of sandstone and 
bands of Shale, which, near the base, contain impressions of reed-like and 
other plants; and associated with and above these, there are thin beds of 
black hmestone. The coast section from end to end is finely exposed in the 
oliffs, and the succession of strata is in general regular and but little broken 
by faults ; but near the base on the coast, a little above the black limestone 
and shale, the stratification is much broken. 

Fig. 92. 

Section at thb base op thb Carbonifbrous Limbstonb, Lligwt 

Bay. 



¥^6 

6 4 3 

1. Sandstone and quarts oongknnerate, with nests and lenticnlar patches of ibssili- 
ferous limestone. 

2. Black shale and limestone, with plants. 

3. Grey limestone, about 20 feet 

4. Thin rabbly limestone, about 12 feet 

5. Limestone in great broken brecciated blocks, with qoartz pebbles, corals, &rC, 
overlaid by limestone and sandstone. 

On the east coast the limestone occupies a tract of about 6 miles in 
length, between Lligwy Bay and Pentraeth, and from 2 to 4 miles broad 
between the Old Red Sandstone and the sea. With the exception of the 
junction beds mentioned above, I have elsewhere described it as " fbssiliferous 
'* limestone, chiefly grey, with occasional black and reddish beds, and thin 
" bands of sandstone and conglomerate near the middle, containing pebbles 
" of quartz, c^uartz-rock, black slate, jasper, and other metamorphic rocks, 
" and impressions of plants." These conglomerates are quarried for mill- 
stones. As a whole, mm. north to south and west to east the strata undulate 
at low angles towards Pentraeth, where they are more disturbed. A fault 
passes across the middle of the strata from Penllech on the shore to the Old 
Red Sandstone, being a downthrow on the north of about 350 fbet, by which 
the millstone bed is repeated, as shown on the 6-inch section, line 6. At 
Pentraeth, on either bank qf the stream, the high dip of the beds indicates an 
anticlinal axis, and the rocks finally dip against the metsdnorphic fbliated 
schists at a high angle, clearly indicating a feiult. All the beds are, in ffen^ral 
terms, fossilifsrous, containing productas, spififers, encriniteSi etfrab, kc^ 
common evervwheie to the Carboniferous lunestone. In this part of Anglesey 
the topmost beds are not reached, for till we get to MaUdraeth Marsh there 
is no indication of an overlying millstone grit. The total thickness where 
crossed by the section is about 1,100 feet thick, and occasionally on the flat- 
topped mils formed by the highest continuous beds, upright naUiral pillars of 
limestone remain, attesting the fcnmer presence of higher beds, of which these 
are the relics. The same rocks are often almost bars of soil, seamed by 
numerous gaping joints, so widened by the carbonic add of the rains that tfae 
pedestrian must give good heed to his feet in traversing the tenaoes and 
oare table-land. The pillars themselves are, I beheve, tiie result of the same 
process of the dissolving of lime by the agency of carbonated rain-water 



Fig. 93. 
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and the topmost beds being absent no iiiim eaa tell how much haa dia- 
•pDeared« 

In direct continnation of the limestone south-west of LUngefiii the forma- 
tion forms a long narrow strip on the north-west side of the millstone grit, 
which it underlies. Here also the beds are occasionally black near the base, 
but chiefly grey, and their include beds of sandstone. The sandstones and 
conglomera^ that form the base of the series are, however, absent, and there 
is reason to believe that, passing south-west, the beds are gradually over- 
lapped in succession, the higher strata by degrees intruding in the foliated 
rocks bekw. Where crossed by the section (No. 1, Sheet 40, une 3) the lime- 
stone is only 450 thick. In tbe railway cutting several yean ago it presented 
the following section ; — 

Fig. 94. 




3 S 2/x 1 

1. Green laminated schist, CambriaB. 

2. Black limestone. 

3. Calcareous shale and limestone. 

4. Conglomerate of Millstone grit. 

5. Boulder drift. 

/. A fiiult, and/x a doabtfiil fiiolt 

A littie fuiifacBr south it thins away altogether, and the miBstone grit lies on 
the altered rocks of Bodorgan. To the coal-measures I shaU by and by return. 

The east point of Anglesey is formed of another tract of Carboniferous 
fimestone, uniting by the intomediate steps of PufiBn Island and the Great 
Oimes Head the huger area west of Bed Wharf Bay with the great limestone 
ranges of Flintshire and Denbig^hire. Its south boundary is much obscured 
by limestone gravel, but its geiunl structure, the black limestone and shale at 
its base, and the beds of sandstone and conglomerate it contains near the east 
point, show it to represent pretty fdUv the strata west of Bed Wharf Ba;^. 
At Pennum it is a brown crystalline dolomite, and a little fiuther east it is 
pierced by a short ftlspathic dyke. It was from the beds of Penman tiiat 
Caernarvon Castle wasrartly built, and from the same quarries, and at Benlledi, 
north of Bed Wharf Bay, the great blocks of stone were taken for the con- 
struction of the Menai and Britannia bridges. 

UmetUme Series of Memai Straits. — ^A third broad band of Caibonifevous 
limestone lies on both shores of the Menai, between Bangor and the coast of 
Anglesey, opposite Caernarvon, forming one area» tiufough which the waters 
of the straits flow. On the Caernarvonshire side the Caiboniferous beds are 
thrown against Cambrian rodu and quartsose porphyry by one of those ffreat 
north-east fruits which alfrct the Palsosoic rocks from Smopshire to Angksey , 
and «iiieh are so closely related to their average strikes. Here, south-west of 
Bangor, the stnta consist of |[ritty white and sometimes red sandstones, oon- 
glomcntes, and shales contaming Carboniferous plants, and bands of lime- 
stone with pioductas, corals, &c., the various kinos of beds wedging in and 
out among eadi oUier so irregularly that even on a large scale of map it would 
probably be very difficult to separate them. With various undulationB, as a 
whole wj dip south-east, at angles from 10^ to 15^, except near the fruit, 
vdiere this dip is often suddenly reve rs ed . At the base of the clifT, for some 
distanffp on either side of the Menai Bridge, there are beds of red shale or 
nurl, diflerent in character from the Old Bed Sandstone, and intermingled 
with sandstone and quartz conglomerates of a Carboniiierous character. Tnese 
cross the straits and dip under the limestone of Plas Newydd, both dipping 
about 15P southerly, and at the base of tiie red shale lie beds of grit and 



On the Anglesey side of the straits the Carbonifrrous rocks are about If miles 
brood, ranging from Llanfair-pwUgwyngyll near Menai Bridge toTrseth Melynog, 
opposite Caernarvon. They lie upon ue gneissic rocks highly uncomfoimably. 
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dipping south-eaat at angles of about 4^ or 6^. The base is genenllj veir obscore, 
being covered by drift clay with boulders ; but lymg on low ground under s 
marked escarpment, it is considered probable that it consists of shales, bands 
of limestone, marls, and sandstones, generally (though yamng) like those of 
Plas Llanfsir and the Memd Bridge, and of the lower beds m the limestone 
series in Lligwy Bay and on the coast towards Puffin Island. The main mass 
between the escarpment and the straits consists chiefly of ffrey and occasionally 
of reddish and black limestone, with the usual fossils, andoccasional bands of 
sandstone and calcareous conglomerate ; and on the south, opposite Caemar* 
von, these are overlaid hj red marly shales, dipping south-east at low an^es, 
so bright in colour that m an old map I have seen them coloured as New Red 
Marl. The same strata occur on the opposite shore, where they consist of soft 
red and green marl, with layers of sandstone, dipping south-east about 5^ 
against the granitic rocks of Caernarvon. They may be seen on the shore and 
in brick pits at Y-Rhadd-dir, where it is said they bored 60 yards through red 
marl and layers of sandstone in search of coal. The same 'red beds are under* 
laid at Uanfair-is-gaer bv a coarse conglomerate composed of pebbles of Car- 
boniferous limestone ana chert, Cambrian grit, quartz porphyry like that of the 
ndghbouring masses, black slate or shale (rare), older conglomerates rounded 
into pebbles, greenstone, various other felspar porphyries of Caernarvonshire, 
and a red one in great quantities, the native place of which is unknown. The 
whole has a shingly beach-like aspect, and doubtless was once the beach of an 
old Carboniferous sea that washed a land formed of highly disturbed Cambrian 
and Silurian rocks, of which the crystalline boss against which the conglome- 
rate is ftkulted formed a part. As already stated, five small greenstone dykes 
penetrate and slightly alter the rock. It is succeeded by beos of red conglo- 
merate, sandstone, grit, and dolomite at Dinas on the shore, beyond which are 
the more ordinary beds of the Limestone series. A small outuer of Carboni- 
ferous limestone lies on the hill by Coed Helen across the river from Caer- 
narvon, but its precise stratigraphical position is unknown. When the countiy 
was mapped, it was considered by Mr. Selwyn and myself that these overlying 
red marly beds and the coarse conglomerate of Llan&ir-is-gaer belonged, like 
the lower red marly strata near Menai Bridge, to the Carboniferous series. 
Lying also above the highest known limestone beds of the straits, it was 
thought that it might probably form part of the Coal-measures, but on the 
other hand it is not impossible that n^ may belong to some portion of the 
very obscure Permian strata which I discovered lying unconformably above 
the Coid-measures of Malldraeth Marsh, some years after the publication of a 
first series of the maps. 

Coal Measures. 

Between 3 and 4 miles from the straits, and resting on the limestone, lies 
the little coal-field of Malldraeth Marsh. Together they lie in a hollow 
of the older rocks, and by help of a friult that bounds it on the south-east, 
the coal-field has been preserved from complete denudation. This fault is 
shown in the section, ^, 90, and is a downthrow on the north-west of about 
2,300 feet.* Together with the Permian strata these Coal-measures form the 
entire sub-strata underneath Malldraeth Marsh. The length of the ooal-field 
is 9 miles from the neighbourhood of Hirdrefaig to Midloiaeth Bay, where it 
passes out to sea under the sands, which are covered at low water. Its breadth 
IS about H miles. The whole forms a marshy tract, which, excepting the ed^e 
of Millstone grit, is almost entirely below the high-tide level, for the river is 
banked nearly to the north-east end of the coal-field, to prevent the daily over- 
flow of the tide. The river itself, together with some minor sluggish streama 
and stagnant pools, soaks down into the Carboniferous and Permian beds, 
which generally dip south-east towards the boundary fkult, and so saturates 
the porous strata with water that its drainage into the coal pits forms a serious 
difficulty in the working. 

The utter absence of suriace sections, the small number of coal pits, and the 
imperfect nature of the records that have been kept of most of the shafts and 
borings, render it impossible to make out accurately the details of the stmo- 
ture of this coal-field, small as it is. The part best known is in the neigh- 

♦ See p. 204. 



booriiood of the Bolfisxmd road, it tiie Penrtirn >nd Benr pUa. Here, m hr 
ma is known, it seems likelj Out the thickest Coal-meuure rtnta and the 
greateat number of beds of coal occor, the reenlt, probablj, of bnlta throwing 
IB eertain beds not found elsewhere in tliia ana. 

The following section shows the geneial anaogement of the strata in and 
aunoan ding the coal pita : — 
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On the north-west of the section at the base lie foliated Cambnan 
schists^ and between them and the Carboniferous limestone the hypothetical 
position of the Old Red Sandstone and basement Carboniferous conglo- 
merate are indicated, for, a little further north-east^ these are overlapped 
by the limestone, and if their strike be continued underneath the surrace 
they would lie somewhat as shown in the section. Above them lie the 
ordmary beds of the Carboniferous limestone, and these are succeeded by 
the Millstone grit and Coal-measures dipping south-east about 20°, this 
inclination being known by the beds of Mill^one grit on the edge of the 
coal-field, and for the Coal-measures, which are everywhere concealed imder 
the marsh, by the fall of the strata in the neighbouiing coal pits. The 
Millstone grit is about 400 feet thick. It consists of yellow sandstone 
and conglomerate, and contains a bed of coal ftoxa three-quarters to one yard 
thick, heretofore worked at Glantraeth, and which I have therefore called the 
Glantraeth coal. Above the grit there are seven other beds of (coal, distin- 
guished by the miners in the ordinary Coal-measures, and I am not aware that 
any more are known in the coal-field. The following appears to be the order 
of the entire Permian and Carboniferous series of Anglesey, made out aa low 
as the three-quarter coal from the Berw coal pits, and below that, gathered 
from imperfect data in the surrounding country. The section between the 
three-quarter coal and the Millstone .grit is therefore doubtful, and there is also 
considerable doubt both as to the position of the Glantraeth coal in the grit 
and the thickness of sandstone above it. The precise details also. of minor 
variations of the strata in the shafts have not always been preserved, various 
beds having been apparently sometimes massed by the miners. 

Section of the Berw Pits and probable Positions op 

UNDERLYING StRATA. 

Superficial detritus. Clay and sand ... 

Gravel - - - - 



Permian. 
Coal-measures. 



Red sandstone, conglomerate, and 

marl . - - - 

Coal ("Glo pux") "lying in 

lumps;" unworkable - 
Shale .... 
Coal . - - - 

Shale .... 
Coal . - - - 

Soft shale - - . 

Hard white rock (Sandstone) 
Hard shale ... 

Hard red rocks (Sandstone) 
Coal, irregular (" Glo pux ") 
Hard shale . . .* 

Soft shale . . _ 

Coal . . _ . 

Soft shale ... 

White sandstone slightly tinged 

with red ... 

Black shale - - - 

Coal, with 6 inches Cannel on top 

(fCoal) 
Sandstone and shale, proba|4y 

about . . - - 

Coal (probable position of Berw- 

uchai Coal, in three beds with 

thin partings) . - - 

Shale and Sandstone, probably - 
Coal, probable position of the 

Glantraeth Coal in Millstone grit 
Millstone grit, bottom division V 
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It 18 probabk that about 200 fM of rack above the Glantfaeih coal belongs 
to the MiUstone grit. 

Where cfoeaed by the seetion^ none of the abore eoala crop to the surface 
under the marih, except the GlantraeUi and probably the Berw-uchaf coals. 
Hie remainder, from tne 6-feet coal upwards, belong to a higher part of the 
acrieiy thrown m by fruUi wiich oeeurred before the depatUiom qftke Permm 
strata, against the base of which the coal beds crop. A greenstone dyke, 
shown in the section, rises in one of these fkults, but does not penetrate the 
overlying Permian strata. • 

In the north-east angle of the coal-field, west of lianfihangel Esgeifiog, only a 
low part of the Coal-measures is believed to exist, including, probwy, the Glan- 
traetn coal, and possibly a little of the 6-feet coal and the coid of Berw-uchaf ; but 
the information was too imperfect to make this certain, though the most UOTtherly 
of the east and west foults is said only ^ be a downthrow on the south of / 
yards. If this be so, and the ground remain untroubled, the 6-feet coal may 
undeiiie the Pennian rocks north of the fiiult for a little space, and the Berw- 
uchaf coal, if oonstanty may rise in the marsh. Three Mst and west fiiults, 
all downthrows on the south, cross the^Holyhead road (see Map 78 S.W.), 
and are said to be cut off by a north ana south fiftult which passes from the 
great ncMih-east boundary fruit near Plas Berw towards the l6th milestone, 
and being a downthrow on the east may peihaps be a continuation of the fruit 
that passes through Uangefhi, throwing tiie Carboniferous limestone against 
the foliated rocks on the west ; but the evidence of both is lost^in the marsh. 
Between the east and west fruits at the Penrhyn pits, the north and south 
and greenstone or rock-frnlts, and the great boundary fault, there is a triangular 
niaoe crossed by the section in which the upper coals of this area lie ben^h a 
tbick covering of Pennian strata. Between tne two northerly fruits, which are 
only about 55 yards apart, the 4-feet coal is said to have cropped against the 
Permian beds near the surfrce, and either there or between tne middle fruit 
and that to the south tibe 6-feet coal was said to be worked at a depth of 60 
yards. The strata are sud here to lie flatter than they do further soutii at the 
Berw jHts. The southern of the east and west faults is said to be a downthrow 
on the sooth of 69 yards, but this is doubtful as frr as I know ; and the green- 
stone or stone fault is a downthrow of 154 yards on the east, where it curves 
round to the south, as marked on the map, and of 69 yards, where it strikes east 
and west by the pits in the lines which represent its course beneath the Per- 
mian strata. In the Berw pits within this space shafts have been sunk and 
the coals worked, dipping south-east in the manner shown in the section. 
Oi4y the f coal rises west of the stone fruit, where it is believed to abut on the 
bottom of the Permian strata, and though unproved, it seems probable that the 
Berw-uchaf coal, uncovered by Permian strata^ may crop somewhere under the 
marsh. This is, however, very uncertain norUi of the rock fruit, as it may be 
that the } coal is entird^ cut out b;^ these faults, throwing the upper measures 
in the north part of the field exclusively against the strata that be between the 
Berw^udiaf coal and the Carboniferous limestone. 

It is reported that a north-west fruit runs from the boundary fruit west of 
BerwHicluif towards the greenstone fruit in tiie direction of Llangristiolus, 
hang a downthrow on the north-east, and throwing in some of toe higher 
strate^ but its amount I was unable to ascertain. It seems to me, however, 
that tiiere must be a fruit nearly in the position indicated on the map, for west 
and Bouth of it only the Berw*uchaf coal and the lower minor beds are known, 
and, indeed, all that is known of this part of the coal-field would seem to indi- 
cate that tiie smaller faults west of the boundary fruit having occurred before 
the Permian epoch, the upper coals in this part of the coal-fidd were denuded 
awi^ belbre tiie deposition of the Permian strata. The sinkiDgB at Berw-uiAaf 
eonfirm this. In these the 8-feet coal was passed through at a depth of undir 
60 vards, a little north-east of the pool marked in the map. The section was 
as follows : — • 

'•Alluvium" - - - 12 yards. 

Red San^tone (Permian) - 20-25 „ 

Coal-measures • - - 20 „ 

Coal in three parts - - - 8 feet, about 2 fret good. 

Here below the Permian rocks (against which it is supposed the 8-feet coal 
cropa) tbere ste only 60 fret of strata above the 8-fret coal. Judging roughly. 



204 TEUB GEOLOGY OF KOBTH WALSa 



from the pontion of the probable outcrop of this coal with regard to the Mill* 
stone grit and the Glantzaeth coal, it is considered probable that» as the beds 
lie flatter than at the Berw pits, thefe is not Boaoe sufficient for the three- 
quarters and hiffher coals to come in between the Berw-uchaf pit and the boun- 
aary fiftult. It nas yet, however, to be proved that this is the case. Further 
south the Glantraeth coal, about a yard m thickness, has been worked in the 
neighbourhood of the railway. 

Permian rocks. 

Though the Permian rocks are nowhere seen on the surface, their existence 
in this district may nevertheless be considered certain. The red rock that 
covers the eastern lialf of the Coal-measures is perfectly known to the miners. 
It has been sunk through north of the Holyhead road in the coal pits there. 
Its thickness at the Berw pits is ascertained to be 195 feet, dipping south-east 
like the Coal-measures, but at a lower angle. Red rocks of the same kind were 
also passed through in a trial boring west of the greenstone fault. At the 
Berw-uchaf pit it is about 25 yards thick. About H miles further south, near 
the road that crosses the road froT» Llanga£Eb, a trial was made and red sand- 
stone found, but in the western half of the coal-field about the Glantraeth pits, 
both old and new, shafts and borings after passing the alluvitun, &c., sank at 
once into Coal-measure shales. When I saw the red rocks that had been 
brought up from the upper part of the shafts, I at once recognized litholon- 
caUy their Permian character in the red sandstones and occasional angolar 
conglomerates with blotches and parting^ of red marl. The inference was 
fur^er confirmed by information that some of the beds of coal crop up affainst 
the bilse of these red rocks, and that the minor faults, including that filled with 
a greenstone dyke, do not penetrate the unfiEiulted red sandstone. It thus 
evidently lies unbroken ana imconformably upon the faulted and denuded 
surface of the Coal-measures and greenstone below; and therefore there 
seemed no doubt that the unconformable strata must be Permian, especially 
since they are quite unlike any part of the New Red Sandstone, while similar 
rocks overlie the North Wales coal-field south of Wrexham. The existence of 
this outlying patch of Permian rocks in a situation so unexpected is interesting, 
especially as it is certain that neither it nor the coal-field would now exist but 
for the north-east boundary fault. 

The Boundary Fault, — Between Berw-uchaf and the sea the great fault, 
being a downthrow on the north-west, causes the Permian and Coal-measure 
strata to abut on Cambrian rocks ; but north-east of Berw-uchaf the amount 
of the general throw decreases, and between the two faults a strip of Car- 
boniferous limestone comes in, abutting on Permian and Silurian rocks in 
the manner shown in the section. There can be no doubt that the limestone 
underlies the coal-field, for the outlier at Plas Llangaffb proves this, and 
the amount of the throw of the great boundary fault may oe thus approxi- 
mately obtained. Where crossed by the section near Plas Berw, the wes te rn 
fault IS a downthrow on the north-west of 2,300 feet. The eastern branch, 
throwing the limestone against the Silurian rocks, is a downthrow in the same 
direction of uncertain amount, but probably not exceeding 400 or 500 feet, 
estimating the thickness of this limestone to be approximately the same with 
that on the opposite side of the coal-field. 

With regard to the coal-field, I repeat^ that but for the great 
boundary fault throwing down the rocks so deep, neither 
Coal-meaBures nor Penman rocks would have been preserved 
from the ayerage plaining efiects of old denudations, probably 
marine. Had the Coal-measures not been preserved by tnis fault, 
their existence at any period in the Anglesey arei^ would perhaps 
never have been dreamed of by the generality of observers, for 
what, in consequence of the fault and the denudation of the soft 
Coal-measures, is now the valley of Malldraeth Marsh, would 
without the fault have shown only a broad continuation of the 
limestone that lies between Pentraeth and Lligwy Bay ; the over- 
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strata of Coat-measures, that once overspread the lime- 
stoney haYing in that area been removed bjr denadation. As 
the limestone may be safely inferred to underlie the coal-field^ 
so there can be no doubt that it once extended further to 
the south-east^ the little outliers of sandstone of the limestone 
series at Plas Llangaffo and Tj'n-twr indicating that it once 
extended across the schists and joined the limestones of the 
straits. The Coal-measures and Permian rocks now abutting on 
the fault also necessarily extended in that direction, how far it is 
impossible to say, but jud^g by the form of the ground, the 
fragmentary patdies of limestone, and their scarped edges, it 
would not be too much to infer that the whole of Anglesey and 
at least all the low ground of Caernarvonshire, and perhaps a 
great deal more, were once covered by Carboniferous strata. 
Such great denudations are not the exception but the rule. 
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Llakdovebt Bocks, Tabankok Shale and Dknbk 

Gbits of Caebnabvonshibe, Denbiohshibe, and Mokt- 
gomebtshibe. 

General Description. — The lower Silurian rocks are bounded 
cm the east by Loweb Llandovebt bocks, the Tabannok 
SHALE, and Denbiohshibe gbit, the last of which is overlaid — 
from Conway to Llanbadam-fiiwr* in Badnorshire — by the 
Wenlock shale, of which it forms a subordinate part 

These form a border on the east to the great Lower Silurian 
district of Merionethshire and Caemavonshire, and also surround 
the Berwyn HiUs. To finish the subject for the present, it will 
be better to give a slight sketch of this part of their range. 

Between Aran Mowddwy and the south side of the Berwyn 
HiUs the section in colunm would be as follows : — 

JT^K^u?^* •♦ 1 Wenlock beds. 
Denbighshire gnt J 

Tarannon shale. 

{Upper Llandovery or Pentamerus beds absent) 

Lower Llandovery beds. 

Caradoc or Bala beds. 

Near Conway the members present 

Wenlock shale 



T\ V I. L* -x f Wenlock beds. 
Denbighshire gnt J 



Tarannon shale. 
(Upper and Zxnoer Llandovery beds absent) 
Caradoc or Bala beds. 
Nowhere in this district is there any visible unconformity 
between the Bala beds and the Lower Llandovery rocks, and the 

^Between Bhaiadr and New Badnor. 
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latter are therefore most conTeniently included aa part of 
Lower Silurian seriee.* 

The Lower Llandovery 
rockB of this area may be 
dispatched in a few words. 
Between Conway and the 
country east of Bala Lake 
they are unknown, partly, it 
is probable, because uiey have 
thinned away in their con- 
tinuation to Uie north, but the 
Tarannon shale and Wenlock 
strata resting unoonformably 
on the underlying formations, 
the LlandoTcry beds may be 
overlapped. Following the 
edge of the Tarannon shale 
southward, the Lower Llan- 
dovery rocks first appear in a 
very attenuated form about 5 
miles flouth-east of Llangower 
near Bala Lake,* on the south 
side of a fault that crosses 
Cefn-bwlan from east to west 
They consist of hard beds of 
grey grit which thicken by 
degrees on their southward 
strike and soon become in- 
termingled with beds of shale. 
Throughout all their range of 
about 20 miles in a direct line . 
to the river Tarannon,f they 
run in a narrow band, the 
' lower edge of which is rarely 
more than half a mile from 
the shale, their thickness rising 
up to 500 or 600 feet But 
east of the great synclinal 
curve by the Tarannon river 
the series increases to about 
1,500 feet in thickness, and 
is repeated in a series of 
rapid contortions across miles 
of countn^ between Carreg- 
hir and Biyn-crugog, in the 
manner shown in the following 
diagram. 



the 
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* For an acconnt of the palseontological relationB of these strata to the Lower and 
Upper Silurian rocks, see my Anniyersary Address to the Geoloflical Society, 1863. 
t Six miles N.N. W. of Uaudloet, Is Moatgom e ry Mf e. 
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East of this they dkappear under the ahale near a houee ealled 
Dol-firiogy perhaps by thinning ont, perhaps by overhip. Every- 
where they seem to pass r^olarly and conformably downwards 
into the underlying Bab beds, in the manner shown in the 
£a^iam, althon^ this conformity is probably either accidental 
or aeoep1iye» for near Llandovery, in Caermarthenshire, uncon- 
formity was detected by Mr. Aveline. Neither can the eye 
detect any unconformity between the Lower Llandovery beds and 
the overlying Tarannon shale^ but unconformity may be inferred, 
from the close connexion of the latter with the Wenlock series, 
for the Tarannon shale in many places lies indifferently on 
different horizons of the Lower l^urian strata, besides that a 
member of the upper series, the Upper Llandovery beds, is absent 
in this part of North Wales. If present it would lie between 
the Lower Lhmdovery beds and the Tarannon shale, as ahown^in 
the table at the beginning of this chapter. 

The apparent conformity between the Lower and Upper Silurian 
rocks of Merionethshire and Montgomeryshire doubtless arises 
finxn the circumstance that during the deposition of the Upper 
Slurian rocks, the Lower strata of this particular area had been 
but slightly disturbed ; and at a later date the whole having been 
bent and contorted together, the strike of the Upper and Lower 
Silurian rocks here to a great extent coincides, although between 
them there is a great break in direct sequence, marked especially 
by the absence of the Upper Llandoveiy rocks. 

Beyondafew rings of encrinites I do not remember that in 
this country any fossils have been observed in the Lower Llan- 
dovery beds, though near Builth and Llandovery, where they 
agiun appear, they are highif fossiliferous. 

The Upper Llandovery or Fentameros beds bdng absent, the 
Tnrrannon shales in this district succeed the Lower Llandoveiy 
rocks. In mineral character they are, for the most part, very 
perastent, and consist of fine smooth slaty strata, grey or light 
blue, occasionally slightly sandy, and alternating witb purple 
baadsL They were first mentioned bv Professor Sedgwick, who, 
I believe, called them ^jpaste rock," from the drcnmstance that 
when decomposed they formed a fine muddy paste. No fossils 
have been found in them in North Wales, and they are interesting 
as showing how a new diviaon, 1,000 to 1,500 feet thick, may be 
discovered between strata Ihat were previously supposed to lie on 
each other without any break of succession. TSl attempted by Mr. 
Avefine, no one thought of miqpping these beds ; and the proof 
he adduced in South Wales that they lie unconfotmaUy cm the 
Lower Silurian rodcs, and are overlaid tian8gres8ively.» in much 
smaller d^iee, by the Wenlock strata, shows how necessary it 
is to map every possible fermation in detail, before we can arrive 
at just conclusions respecting either the ccHupleteness or the 
ixagmentary nature of the succession of strata; for here an 
independent sub-formation, previously unsuspected, appears ; and 
tfaou^ in itself it as yet shows no fossils in North Wales, in 
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thickneas it is greater than the Wenlock shale at Wenlock^ and 
probably occupied as long a period in its deposition. 

Tarannon Shale, — Near Conway the Tarannon shale hj uneonfonnable over- 
lap rests on a horizon of Lower Silurian rocks not much higher than the 
Bala limestone. From Conway to Llanbedr, about five miles south, these 
shales form a narrow band it the base of the Denbighshire grits, thxioe 
interrupted by faults, which are downthrows on the eut. From Llanbedr 
all up the vale of Llanrwst and across the countiy beyond Pentre Voelas 
they are never seen. In the valley of Llanrwst they may luiderlie the 
alluvium, but it is more likely they are cut off bv a la^ fault which, it is 
supposed, under the alluvium, throws the Denbignshire srits against beds 
pretty low in the series. Between the Vale of Llanrwst and tiie oountiy four 
miles east of Yspytty Evan and Pentre Voelas, except in one spot, they are 
nowhere seen in tneir usual position between the Bala beds and the Denbighshire 
grits ; and it is presumed agun they are cut oS bv fkults, being downthrows 
on the north-east, west, north, and north-west. The evidence for the existence 
of these fkults lies chiefly in the fact that the Tarannon shale is so nearly con- 
formable with the Denbighshire grits (or base of the Wenlock beds) that there 
is no reason to suppose it is anywhere suddenly overlapped. The rocks of the 
countoy are, however, much obscured by drift. Beyond this point they fdlow 
the winding western outcrop of the "Wenlock beds, in a narrow band almost 
unbroken, from Merddwr, east of Pentre Voelas, to Llanddewi-Ystrad-enny, 
north of Builth in Radnorshire. First they strike east between eight and nine 
miles, and then bend suddenly round near Derwen at what may be called the 
north-eastern angle of the great Merionethshire anticlinal curve. Here for 
about half a mile the^ are cut out by two faults that meet in the fonn of a V 
and let in the Denbighshire grit, so that it is brought in immediate contact 
witii the Bala beds. The Tarannon shale then strikes south-west for 8i miles, 
when its continuity is broken by a powerful ficMilt, which, on the north-^ast, as 
shown on the map, throws the wnole Upper Silurian countiy, so to spnk, 
forward more than a ouarter of a mile, and which, if the result of a vertical 
movement, indicates a aisplaoement of about 1,850 feet, the dip of the strata 
being between 45^ and 55^ 

The dislocation mentioned above is about Si miles north-east of Bala» and 
f^m this fault the same shales range a little west of south for nearly 30 miles 
to the high moorland of Tarannon, whence (being well developed there) these 
shales derive their name. Throughout all these long ranges the din is so high 
that they strike straight across the countr}^ over hills and across vaileys, being 
generally not more than an eighth of a mile wide, and rarely exceedingly half 
a mile. In Montgomeryshire, on and near Tarannon, the rocks being much 
contorted and w^ denuded (see Diagram No. 97), wind about and run up 
the valleys of Nant-yr-£ira and Afon-Cwm-llwyd ; and further north, from 
half a nule to a mile in width, they follow all the windings of the Wenlock 
shale, far beyond our present district, to the countiy near Builth. 

Denbighshire Grit and Wenlock Shale, 

The Tarannon shale is sncceeded by the more commonly recpg^ 
nized Upper Silurian rocks^ which in Flintshire, Denbighahirej 
Merionethshire, and nearly the whole of Montgomeryshire, consist 
of various representatives of the Wenlock shale, sometimes still 
preserving a shaly form ; sometimes, as at Llangollen, conmsting 
, of truly deaved slates and flagstones ; and again, at its base in the 
west, represented by a vast tmckness of interstratified shales and 
grits, named by Professor Sedgwick the Denbighshire grits and 
flagstones. A glance at the map will show their range in our 
present area. On the north, of enormous but unknown thickness, 
the Wenlock series forms the whole of that broad hilly tract that 
extends for 40 miles from the shores of Denbighshire to beyond 
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Uangollen, and from the Yale of Conwy to the monntiun lime- 
stone of the Yale of Clwyd. East of that valley, the same forma- 
tion forms that long mountain range of which Moel Fammau 
forms the highest point. In the northern part of Denbighshire^ 
of which Llansannan is the centre, few great high roads penetrate 
the Wenlock shale districts of the country ; the hills, rarely bold, 
but high and steep, are yet of incessant recurrence ; and thus 
it is that to strangers it forms the least known district of North 
Wales. In the 1-inch maps, numerous arrows pointing in all 
directions attest the great amount of contortion that the strata, 
chiefly of rubbly shale, have undergone ; a circumstance, joined to 
thdr thickness, that accounts for the great area which they coyer. 
Between Conway and the neighbourhood of Builth, a distance 
of 75 miles in a straight line, the Denbighshire grits, resting 
direcdy on Tarannon shale, form the western edge of the Wenlock 
formation. But thick as these grits are, in places at least 3,000 
feet, and broad as the area is which they occupy, they form but a 
local Tariety of the Wenlock formation, and apparently, where the 
grits thin and disappear, instead of being overliqpped by the shale, 
they rather pass by litholo^cal gradations gradually into strata of 
a dialy character. From the quantity of felspathic grains that 
enter into their composition, I am, indeed, inclined to infer that 
part of the mountain r^on of North Wales^ between Conway and 
Cader Idris^ formed limd (very difierent from its present form), 
which contributed locally to form these strata by the waste of 
the felspathic lavas and ashes that form a distinguishing feature 
of the Lower Silurian rocks of North Wales. From east to west, 
and from north to south, the coarser gritty beds gradually dis- 
appear, the farther we recede from the larger centres of the 
Lower Silurian yolcanic rocks. Near Montgomery and Welsh- 
pool they are unknown at the base of the Wenlock shale, though 
igneous rocks are near; south of the Berwyns they do not 
extend as fiEir east as the base of the shale near LlanfyUin; 
and on the north of the Berwyns they are unknown. Neither 
Borth of Llangollen do tiiey appear between the Tarannon and 
Wenlock shales that skirt Cym-y-brain and Cam. The sand has 
passed into mud going eastward ; and the position of the above- 
named bosses of Caradoc or Bala beds leads to the inference that 
the contorted Upper Silurian strata bordering the Yale of Clwyd 
on the west, are not &r from the base of the Wenlock shide, and 
in rart represent the true Denbighshire grits that sidrt the Yale 
of Conwy. 

Vale qf Conwy ^ Sfc, — East of the Conwy, neajrly opposite the town, the grits, 
much ohsciued bj drift, occupy a space about three-cjuarters of a nule square. 
llieir Dorthem bouodaiy strikes north-easterly, and (if there be no intervening 
fault) lies not more than 800 feet above the calcareous sandstone that here repre- 
sents the Bala limestone. This is a point of interest, for in the Bala country 
more than 4,000 feet of rocks lie between the limestone and the Denbighshire 
nita; and, making eveiy allowance for thinning of the Bala strata, the disiBrence 
Edps to mark the extent of the overlap and unconformity of the Upper on the 
Loiver Silurian rocks of NorUi Wales. Opponte Conway they dip a little east 
6342. O 
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of 8outh at an angle of 55^, where on the east they are bounded by the 
Carboniferous limestonei which is probably thrown against them by a &ult ; 
and on the west the Tarannon shale is cut out, and the Denbighshire grits strike 
under water as if abutting on the Bala beds of Conway, hdping to prove the 
continuation in the estuary of the line of fieiult that passes down the brook by 
Pentre-felin.* This fault being a downthrow on the east, casts the grits and 
shales forward to the north about three-quarters of a mile, and the amount 
of the throw is probably about 2,000 feet. 

On the hill munediately south of Conway, the base of the grits, resting on 
a narrow band of Tarannon shale, strikes towa^ Gyffin, and firom thenoe 
dipping east at angles between l(P and 35°, they pass southward by Y-Ro to 
Caerhun, when the western boundary is lost in the alluvium of the Conwy. 
There with their associated shales the grits form most of the hiUy ground that 
stretches froon Conway to Caerhun, hsJf way up the river to Uanrwst. 

Between the neighbourhood of Caerhun andHendre-wenfthe west boundary 
of the gritty series is (under the alluvium) probablv thrown down on the east 
against slaty and igneous rocks of the BaJa beds, by the fault which there is 
teason to believe runs right down the bottom of the vallev. East of the 
Conwy, at Pentre-felin near Llansantffiraid-glan-Conwy, the Wenlock shale is 
thrown agunst the gritty beds by a downcast fiftult on the north-east, but 
within 2 miles of the river the dislocation passes into the shale and is lost; 
and from thence the upper boundary line, which is rarely veiy definite, passes 
south, dose by Eglwys-bach and lianddoged and Llanrwst, where it rapidly 
curves to the south-east. With sundry undulations of the strata, which are 
most numerous near the north, the whole dips eastward under, or rather 
passes upwards into, the Wenlock shale ; and, indeed, in all the tract that 
borders the Conwy, from top to base, shales in many places predominate. 

South-east of Llanrwst the Denbighshire grits or flagstones occupy the 
whole of that barren and heathv range of hills that trends fr^m the crags of 
Moel Saesiog by Mwdwl Eitnin to Llechwedd near Corig-y-Druidion.^ 
Though much of the ground is deeply covered by drift, there is little doubt 
that tne lower boundaiy' between Llanrwst and Merddwr, east of Pentre VoeUs, 
is faulted against the Bala beds ; but beyond this point to the angle of the 
Merionethshire anticlinal curve, near Derwen, the lower boundary is tolerablv 
distinct. On the range of hills mentioned above, the gritty beds, though 
interstratified with blue siaty shale, are often thick, and stand boldly out, 
their massive character having more strongly enabled them to resist denuda- 
tion, thus giving rise both to the height and comparative ruggedness of the 
country. Here also, being partly repeated in three undulations, they roread 
across a space of 6 miles in breadtn from Gam Brys to the grey rocks of 
Craig-y-Uwydion beyond Llyn Alwen, 

Approaching the sharp bend of the Merionethshire anticlinal curve, near 
Derwen, the undulations of these strata die out, and the total thickness of the 
grits on the banks of the river Alwen is compressed into a space of half a mile 
in breadth ; and the beds now dipping steadily south east from 30° to 50^ 
must be about 1,500 feet thick. South of the Alwen they again widen out 
and occupy the chief part of the surface enclosed between the two great 
north-east frkults and the fSault that runs north-west from Llandderfel, 
near Bala. In the southern part of this area they lie in the form of a low 
qmclinal curve, the east end of the grits being thrown by the great fault 
against an upper part of the Bala beds. A small patch overlying the pale- 
coloured Tarannon shale also forms the heights of Caer Drewgn near Corwen, 
and a continuation of the same mass separated by alluvium lies west of the 
town. On the hill it dips easterly under the common Wenlock shale, and 
tiiere dies out or passes into shale ; for south and east of the Llansantffiraid 
fault, though the Tarannon shaJe is present in a narrow band, no Denbighshire 
grit lies between it and the Wenlock shale all along the north side of the 
Lower Silurian boss of the Berwyns. 



* 2} miles south-east of Conway. 
2 miles south of LUnrwst 
liaps 79 S.W. and 74 N.W. 
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fonnation, but are merely a western sandj base of the Wenlock shale, formed 
during submergence by the denudation of Lower Silurian rocks, many of them 
felspathic, during the deposition of the Wenlock strata. 

In some areas fossils are absent or very scarce In the grits, 
a few scattered rings of encrinites and ribs of biyahre shells idona 
showing that thej are fossiliferous. At many points, however, 
fossils are sufficiently plentiful, such as we expect to find in the 
Wenlock formation. 

About 3i miles south of Conway, about a quarter of a mOe east of 
Merchlyn-mawr, the more common lossils are, numerous firagments of the 
stems of an Actinocrinus, Stenopora ramiUosa, and S. fibrosa ; tne trilobites are 
Phacops DowninguB and Calymena Blumenbachii ; and the more plentiful bivalve 
shells Rhynchonella wtculay Bh, borealis, Strophomena depressa, Chonetes lata^ 
Orthis eleffantula, and Atrypa reticularis. 

At Plas Madoc, near Llanrwst, in addition to the above we have rings of 
Encrinites, Comulites, and many Tentaculites : of trilobites, Phacops caudatus, 
P. Downingug, Calymene Blumenbachii, and Encrinurus punctatusj and of 
bivalve shells BhynchoniUa decemplicata, R, nucula, Strophomena pecten, S. 
depressa, Leptoena transversalis, Orthis elegantula, Atrypa reticularis, Spirifer 
elevatus, S. trapezoidalis, Retzia cuneata, CucuUella ovata, Modiolopsis, Cteno^ 
donta 2 and of univalves Acroculia haliotis, Holopella gregaria, Murchisonia, 
Bellerophon carinatus, B. trilobatus, J3. esopansus ; besides an Otherceras, and 
Phragmoceras nautilium. 

Further east, on the high rocky ridge of Moel Seisiog and Mwdwl Eithen 
near Pentre Voelas, mixed with many of the species in the above lists, the 
following additional forms occur: Favosites alveolaris, Stenopora fibrosa, 
Syringopora serpens, Glyptocrinus, Homalonotus, and a smaU species of 
Pentamerus, 

North of this ridge, on Craig-hir, near the top of the gritty series, we have 
Favosites alveolaris, various Encrinites, including Actinocrinus pulcher, the usual 
Brachiopoda Cucullella antiqua, Cardiola interrupta, Euomphalus, Loxonema 
elegans r Murchisonia Lloydii, Othoceras annulatum,'0, prinuevwn, and O. subun^ 
dulatum. In the same grits between the Bala country and the Berwyn Hills 
the same general list occurs. On and near Caerau Crwyni, south of the river 
Alwen, and further south on the hills round Pen-y-bon^n, inthe valleys nortli 
and west of Llanwddyn, and along the course of the Twrch near Garthbibio, 
there were found plentifolly, Orthis elegantula, Atrypa reticularis, Rhynchonella 
nucula, Chonetes lata, Spirifer elevatus, Stenopora fibrosa, and fragments of the 
stems of Encrinites, The same general assemblage of species, in hct, appear 
in varying proportions all the way south to Bedd-Ugre in Radnorshire, and 
there is therefore no doubt that the grits form a true member of the Wenlock 
series. What remains to be said of these formations will be best described in 
the account of the general structure of the Berwyn Hills in the foUowing* 
chapter. 



CHAPTER XXVL 
The Berwyn Hills.* 



General Description. — The Lower Silurian rocks of the Berwyn 
Hills form an imperfect dome, or rather an irregular and broken 
curve, the anticlinal axis of which follows a bent line about 24 miles 
in length. The eastern end of this dome has been cut away by 

♦ For all of this chapter marked " " I am indebted to my colleague Mr. Jiikea» 
who mapped the Lower Silurian rocks of the Berwyn Hills. 
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denudation;, and is overlapped by the Carboniferons limestone west 
of Oswestry. From the limestone the axis runs west by Llangad- 
waladr, Craig-y-Glyn, and Llangynnog, to the base of the Wenlock 
series, a little north of Garthbibio. Beyond this the anticlinal curre 
is lost or only faintly traced in the undulations of Denbighshire 
grit and shale that form the broad hills south of the turnpike road 
between Mallwyd and LlanfiEur. The hills in this direction have 
sometimes been called the South Berwyns, and with the Northern 
Berwyns they form a watershed running west along the ridge of 
Mynydd Tarw to Cader Berwyn, from whence further west the 
watershed is the boundary between Merionethshire and Montgo- 
meryshire, on Craig- wen and Moel-cwm-sam41wyd,and then stnk- 
ing southward it crosses Pen-y-boncyn and Moel-y-cerrig-duon to 
Carrig-y-groes, 4 miles north-east of Mallwyd. All the drainage 
on the south and east of this line runs into the Bristol Channel by 
the Valley of the Seyem ; and all on the north and west> as far 
south as Moel-y-cerrig-duon, runs into the Dee ; while the 
western drainage south of the same hill flows through the Dyfi 
into Cardigan Bay. 

The general form of the Berwyn range is a curved ridge, convex 
to the north-west. Passing across the strata from north to south 
and from west to east the average slope gradually rises, not very 
steeply, to a height of 2,710 feet on Cader Berwyn, and 2,585 on 
Cader Fronwen, and these northern "and western slopes are merely 
furrowed by such brooks as the Trystion, the Llynor, and other 
small tributaries of the Dee ; while towards the south-east the 
mass is broken into many small hills and ridges, separated by 
valleys running in many directions." Some of these ridges, above 
the recess of Llyn-Uyn-caws and Cwm-maen-gwynedd, are almost 
precipitous towards the south and east, a result, taken in con- 
nexion with the iaulting and older denudations of the strata, 
]m>bably due to the soft dark blue slaty rocks of that area having 
been more easily wasted away, after the upper crusts of hard 
igneous rocks and Denbighshire grits were removed, by those 
exceedingly ancient marine denudations that planed across and 
levelled the tops of what are now mountains. 

The internal structure of the Berwyn range corresponds to its 
external form. The position and lie of the beds of which it is 
composed may be described generally as an irr^ular oval dome, 
the side of which is continuous and unbroken on the north-west, 
but has been crushed in and shattered on the south, while the 
broken end is concealed on the east by the slightly inclined strata 
of Carboniferous limestone," already alluded to, '' that have been 
deposited, perhaps quite over the whole mass, and the denuded 
remains of which, like a great scarped wall, runs north from the 
Severn across the strike of the Silurian strata." 

*' We may best learn the nature and succession of the principal 
masses entering into the structure of the Berwyn Hills by tra- 
versing the country between Bala and Llangynnog, especially 
examining the neighbourhood of the Milltyr Gerrig pass between 
Pennant and Llandrillo^ and then studying the highest parts of 
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the range and the ridges and valleyB 
leading down from it to Llandrillo on 
the one hand and to Llanrhaiadr-;n- 
Mochnant on the other." 

The general result of such an ex- 
amination is, that the Bala limestone 
and all its associated strata above and 
below plunge at high angles to the east 
beneath the Tarannon snale and Den- 
bighshire grits, in the manner shown 
in Diagram No. 97, p. 211, and rise 
again with an opposite dip in the region 
of the Berwyns. Several sheets of sec- 
tions of the Geological Survey illus- 
trate this point,* which, if generalised 
and the faults eliminated, would give 
the result shown in Diagram No. 98. 

On the west are the Lingula flags. 
No. 1, and Lower Llandeilo beds. No. 2, 
dipping east under the Felstone rocks, 
fy of the Arenigs, which in tiim pass 
below the black shales of the Upper 
Llandeilo flags, 3. These dip under 
the Bala beds, 4, including the Upper 
Bala Ash, j^, the Bala limestone /, and 
the Himant limestone A, which are 
overlaid by the Tarannon shale,N5, and 
the Denbighshire grits, 6, lying in the 
form of a trough. On the east side of 
this trough, and indeed forming the 
lower part of it, the same Lower Silu- 
rian series rises, differing alone in 
details. The Himant limestone, which 
is very local in the Bala country, is 
absent in the Berwyns, but the Bala 
limestone, Z^ is present in force all along 
the western dde of the Berwyn hills. 
Some distance below the limestone a 
bedof felspathic ash,/^, crops out,about 
300 feet tnick, succeeded in descending 
order by other beds of similar rocks 
and of greenstone g. These are the 
representatives, in ^eater force, of the . 
thin ashy beds below the limestone 
east and north of Bala lake. East of 
and below Cader Berwyn the black 
shaly beds of the Llandeilo flags rise 
to the surface, the equivalents of those 
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between Bah and Arenig; and tlie beds of felstone, f^^ low in 
the series^ though probably not identical with that of the Arans 
and ArenigSy lies apparently much about the same horizon. Seem- 
ingly lowest of aU^ bat on ground much broken and faulted, 
comes the Llandeilo limestone of Craig-y-Glyn/ oTerlying a bed of 
calcareous felspathic ashes, which again rest on blue slaty shales. 
The whole of these are probably the general equivalents of the 
calcareous ashes and slaty beds that underlie the felstones of Cader 
Idris, the Arans, and Arenigs, and therefore they lie about the 
same horizon as the gritty Llandeilo flags, south of the Manods, 
and of Moelwyn^ near Ffestiniog. Nowhere, howeyer, in the 
Berwyn country, does the section descend so low as the Lingula 
flags, and therefore the equivalent of the Cambrian strata of 
Merionethshire and the Longmynd is also absent. Taken in 
connexion with each other, the three districts of Merionethshire, 
the Berwyns, and the Longmynd form three great anticlinal 
corves with synclinal bends l^tween ; but in the middle boss of 
the Ber¥ryns the upward bend has not been sufficient to bring 
the Lingula flags and Cambrian rocks to a level where they might 
be exposed by the denudation of the overlying Silarian strata. 

It is scarcely needful to remark that the fossils of the district 
correspond with those of the corresponding strata in the Bala 
country. Thus, high above the Bala limestone of the Berwyn area 
on Cefii-gmgoe, four miles north*west of Llanfyllyn, were found 
Cheirunu clavijrons and Leptcma tenuicincta ; and on and about the 
horizon of the limestone west of Llanfyllin, and near Ll^nwddyn, 
the following species : — Siramatapara gtriatella, Stenopora Jibroia, 
TentaeulUes anffUeus, Asaphus Patnsn^ Trinucleus cancentricui, 
T. seticomisy Phacops apiculatus, Ph, cofiophthalmus, Cdlymene 
Blumenbachii, Beyrichia compUcata, OrthisJUtbeUulum, O, Vespei^ 
tilio, O. elegantula, O. pareata, O. spiriferaides, O. altemaia, 
O, bifarata^ Strophomena tenuistriatay S. grandis, S. expansa, 
8, depressa^ Leptcsna sericea^ Atrypa marffinalis, Ctenodonta 
varicosa, Murchisoma simplex, and Bellerophan nodosus. The 
black slaty shales of the Llandeilo series east of the range 
of Cader Berwyn and south of Mynydd Tarw, have not been 
well searched for fossils, but in position and mineral cha- 
racter they resemble those just above and below the felstones 
of Arenig and Moelwyn, while in the limestone of Crraig-y-Glyii 
itself there occurs plentifully the Llandeilo species, Asaphus 
tyrannuSy assodated with Trinucleus eancentrtcus, Orthis iurgida^ 
Encrinites, and Cystidew. 

Bala limestone. — I shall now explain the rocks of the Berwyns more in 
detaOy beginning on the west, availing myself for this purpose of the description 
supplied by Mr. Jnkes. 

"The i&n band of Bala limestone, after plunging to the east in the Bala 
country, rises again to the surfiMse near the snmmit of the Llangynnog road, 
close to the county boundary, just before descending the pass of Milltir-geniff. 
In the year 1B47 small quarries were to be seen in the hmestone, which, with 
the adjacent shite rocks, dips westeriy at angles varying from 3(f to 5(f . 



* Two miles north of Uanrhaiadr-yn-Mochnant 
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igneous rocks, Sfc, — In the glen under Trwynniwch, near this, a considerable 
patch of greenstone may he seen, heing ahnost the only occurrence of igneous 
rock that I know in this neighhourhood so nearly on the horizon of the Bala 
limestone. Below this, crossing Craig-wen, and clearly visible on the road side 
of the MiUtir-gerrig, is the bsnd of rock answering to the Upper Bala ash bed. 
This, however, puts on here rather the character of a compact trap than an 
ash. It is a pale greenish-grey feUtone, but acquires a mucn more brecciated 
and ashy character towards the south, while northwards it becomes, perhaps, 
still more compact and trappean, and increases in thickness. 

"Some distance underneath this another band of interstratifled igneous 
rock makes its appearance, not very well seen in the road, but showing well on 
the tops of the huls at Postgwyn and the grouse box. This is believed to be 
the Lower Bala ash bed, but, like the former, it is much thicker than in the 
Bala district, and is seen near the grouse box on Craig-wen to be distinctly 
interstratified with apparently contemporaneous beds of dark greenstone, 
lliese coalesce and become very thick mrther north on Cefn Penagor, and in 
Clochnant on the northern side of the ridge sloping from Camedd-y-ci. 

" This ash ends, probably at a fault, to the south in the valley of the Eiarth, 
but is continuous to the east of Clochnant for many miles, gradually recovering 
its true form of an ash bed without molten traps. 

"A third mass of contemporaneous interstratified rocks comes out firom 
below the two mentioned above on the summit of Camedd-y-ci. This is a 
peculiar ash resting on a thick mass of dark greenstone. Tlie ash is quite 
compact and fine grained, not very hard, of a {ude greenish-grey colour, with 
smail dark specks, and is believed to be a greenstone ash,* in contradistinction 
to a felstone-ash. 

'* The thicknesses of dark grey slate rock interstratified with all these masses, 
from the Tarannon shale downwards, is nearly as follows : — From the base of 
the Tarannon shale to the Bala limestone 3,000 feet, firom the limestone to the 
highest ash bed 1,200 feet, from this to the second ash bed 2,000 feet, and 
from ILIb to the greenstone ash 1,600 feet, in all 7>B0O feet. 

" If now we proceeded from the Carnedd-y-ci ash to the summit of Cader 
Berwyn, we should find that the dark earthy slates which we passed over 
dipped eveiywhcrc to the north-west at 35° or thereabouts, and consequently 
much more rapidly than the surface of the ground rose to the south-east. We 
should therefore pass over a considerable thickness of beds, firom underneath 
which there comes out a thin band of greenstone, about 1,600 feet lower in the 
aeries, interstrali^cd with, and apparently quite conformable to, the slates, and 
striking north-east and south-west for about 2 miles.f It is apparently accom- 
panied by a thin ash in part of its course. 

*' Another similar band of interstratified greenstone comes out lower down, 
the thickness of slate between the two being about 1^000 feet," giving, when 
added to the previous 7,800 feet, about t0,400 feet of Bala beds in all. '« This 
lower band, which lies near the top of the Llandeilo senes, is seen in the diffis 
round Llyn-Llyno-caws, and strikes thence north-east and south-west, being 
traceable for a distance of 3 miles. The dip of the rocks about this lower 
greenstone however is less than on the other slope of the range, as it varies 
&om 20® down to 60°. If now we follow the brook that runs out of Llyn- 
Llync-caws, we shall find that the rocks still retfun their northerly and 
westerly inclination till we arrive at the cliffs called Craig-poethion, and here 
we find another band of trap make its appearance, about l,/00 feet below the 
last, regularly interstratifiea with the slates, but of a pale greenish-grey colour 
and compact texture, being a felstone, like those of Arenig, &c. 



* My former colleague, Professor Oldham, showed me, in London, in the winter 
after I had surveyed this district, a specimen of a precisely similar rock fix>m Ireland, 
and asked me if I knew what it was; when I found that he had come to the same con- 
clnsioD in Ireland that I had in Wales, namely, that this was a greenstone-ash. — J.B. J. 

f It is often very difficult, if not impossible, to distinguish between a decomposed 
trap and an ash. In the case of the felstones, even the finely laminated or flaky 
structure may sometimes be deceptive, as some of the clinkstones of central France 
possess this character, and are in other respects very similar to some of the Iblstone 
and felstone ashes of North Wales. — J.B.J. 



THE BBBWTM HILLS* 217 

"Thifl inp maj be followed orer the ridges called Dol Drum and (Sodor, 
where other ooxinderable masses of sunilsxly bedded trap may be seen oommg 
out apoarently from beneath the slates which underlie tne Oraig-poethion trap, 
and 1,200 or 1,500 feet lower than the latter. 

** Following die lower trap of Godor ba^L to tiie Llyn-Llync-caws brook, it 
may be seen oistiDctlT, opposite the waterfsU of Pistjll Rhaiadr, dipping N.N.B. 
at 'J(P. Still lower <u>wn the brook, and therefore apparently still lower in the 
series than this trap, are other traps and ashes inte rstratin ed very distinctly 
with the slate rocks, and in some places well shown, but ending so abruptly 
and so obscurelr among bogs and neather that it is impossible to speak wiw 
certainty as to tneir exact porition or relations to the surrounding rocLs. These 
are the traps stretching between Tan-y-ffordd and Gwem-feifod, and those 
running along the difb south of Foel-llyn, and traceable north of it towards 
Rhyd-y-gan. 

" It IS certain that the trap of Gwem-feifod is very low in the Berwyn series 
of rocks, and probably not far from the central nucleus of its dome-shaped 
elevation, and tiiat it is nearly on the parallel of some of the very lowest of the 
lower trappean masses on the west side of the Areniffs. 

'' The wnole district however is greatly cut up by large finilts and dislo- 
cations. If we go to the foot of the fine waterfaU called PistyU Rhaiadr, we 
see an excellent exhibition of a contemporaneous felstone, rudely columnar, 
interstratified with the slates, and forming the cliff over which the water 
throws itself. In the adjacent cliffs two other parallel beds of trap may 
be seen above this, and may be traced across the orook above the waterfsU. 
These three beds, however, seem to end abruptly at faults in each direction, 
though one of them is apparently continued at a rather different level, as the 
Craig-mawr tr^ on the south and that of Craig-poethion on the north. If 
now we start from the ferap above the waterfall and ascend that brook, we find 
the beds dipping steadily to the west at about 20P till we meet with tiie lower 
greenstone (that of Llyn-Llyno-caws) at its proper place, or where we should 
expect to find it, judging from its distance aoove the Cbraig-poethion trap. 
Hius far then all is regular. If, however, after following this l^ of greenstone 
a little way to the summit of Biyn-mawr, we proceed still further west, scarcely 
half a mile, to Post-gwyn, we should come upon the Lower Bala ash bed, the 
rocks in the intermediate space being seen to dip at no greater angle than 25^, 
But this Lower Bala ash bed is traceable to CLochnant, 3i miles to the north- 
ward, and if from Clochnant we attempted to walk back to the nearest point 
of the Llyn-Llync-caws greenstone, we should have to pkta over 2^ miles of 
ground (as measured on a map) instead of half a mile, with the intem[iediate 
rocks dipping steadily to the north-west at angles of 20^, 35P, and 40^, instead 
of only 25^, and containing the Camedd-v-ci ash and greenstone, the Cader 
Berwyn oreenstone, and the thick intermediate slate bands between them. Of 
all these Dcds there is no trace, as indeed there is no room for them, between 
Bryn-mawr and Post-gwyn. 

''The thickness of rock between Bryn-mawr and Post-gwyn, calculated from 
the data there seei^ would be about 1,100 feet, while that between Llyn-Llync- 
caws and Clochnant would be between 6,000 and 7,000 feet. The difference 
between these two figures (say 5,000 feet) would represent the thickness of 
beds wanting, that is, concealed by a fault, oetween Bryn-mawr and Post-gwyn. 

" If we take it as proved that some large dislocation exists, and suppose it 
to run about N.N.W. and S.S.E., it wi& touch and account for the abrupt 
westerly termination of the Camedd-y-ci ash on the north, and for the equally 
abrupt endings of other beds of ash, trap, and slate for several miles to the 
north. 

" Now it is a good maxim to be as chaiy as possible in introducing a fault 
into any district, to avoid supposing the existence of oAe until it is either 
demonstrated or rendered so highly probable as to be hypotheticallv necessary. 
When, however, one large fault is thus proved, the existence of others almost 
follows as a matter of course, since it is scarcely possible, physically, for a 
single large fracture to traverse a mass of rocks and produce grc»t dislocation, 
unaccompanied by others neighbouring to it and connected with it. 

" If, then, we hold it allowable to account for the abrupt termination of the 
beds above mentioned on one side by means of a fault, it is equally allowable, 
and indeed necessary, to draw a fault along the other ends of these beds ; thai 
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ii to say, along tlie ends of the Caniedd-y*ci aah, the greenatoneB of Cader 
Berwyn and I^yn-Llyno-caws, and the traps of Godor, and the shite beds with 
which these are interstratified. AH these beds end abruptly along the «>uthera 
bank of the vidley of the Iwrch ; while to the north of that valley all tke rocks 
of the ridges of Y Foel-wen« Mynydd Tarw, and the country around lianar- 
mon Dyf%n Ceiriog, appear to be composed of the black slates which lie above 
the Cader Berwyn greenstone, variously crumpled and rolling about. Between 
these two main lines of fault, running nearly parallel north-west and south- 
east, but slightly diverging in the latter direction, there appears to be another 
Eandlel to them running down the valley of the Rhaiadr mm the neighbour- 
ood of the waterfall, and many other minor dislocations crossing and con- 
necting these in various directions. 

** The traps of Craig Rhiwarth, just north of Llanff3mnog, are felstones, in 
some places distinctly interstratified with the beds of slate, wlule in others thejr 
form great shapeless , masses, ending abruptly and without showing their 
relations to the surrounding rocks. The lead lodes for which the district was 
celebrated run nearly east and west, and form a portion of the dislocations by 
which it is traversed, many other faults being traceable by means of the sudden 
termination and broken endings of the difPerent ipasses of rock of which the 
country is composed. 

*^ The hill of Y Gram, east of Craig Rhiwarth, is similarly composed of trap 
and slate, which may be seen in places distinctly interstratifiea, while their 
relations in others are obscure and their boundaries uncertain. 

" On the opposite side of the valley of the Tanad is a mass of bills, part of 
which is called Cymia. Along the southern side of these hills the slates are 
regularly interstratified with felstone ashes or traps. These beds are very 
regular, dipping south at a high angle about Peniarth, at the eastern end of 
the hill, and are equally regular in many places all the way along by Craig-ddu 
to its western extremity. There are, however, places about Craig-ddu where 
the position of the beds is so discordant to the rest, and the change of dip and 
strike BO frequent, sudden, and irregular, that it was found to l^ impossible, 
with the small scale of the one-inch map, to disentangle the confusion. Many 
large faults must exist, one at least of which contains lead ore, and is, or was, 
worked with profit. 

'* The eastern extremity of these beds is supposed to be cut off by the main 
fault first described, coming down firom Bryn-mawr, and this appears to run 
still further south through the ridge of Dks Eithin, where it was round formerly 
to contain lead ore. At this extremity of its course, however, the beds are 
vertical, or nearly so, and therefore no lateral shift is produced by it at the 
surfiwe." 

Ldmestone, — " Let us return now to the band of Bala limestone, with which 
we commenced our description, on the road above the MiUtir-Gerrig pass. 
This little band of limestone, with the larger and more prominent ash bed 
about 1,000 feet below it, are^ceable southwards at short intervals, wherever 
the rocks appear firom under the peat, heather, or soil with which they are 
covered, down into the prettv little valley of Pennant, and thence for four 
miles, across wild moors and hills, to the larger and more open valley of 
Llanwddvn. They are here thrown into the form of a sharp and distinct 
antichnaf curve, the axis of which runs about N.N.E. and S.S.W., sloping or 
declining towards the south. One side of the point or 'nose' of the ashoed 
just comes across the river Fymwy^, being seen under the fiurm-house called 
Bryn-du, about 2 miles below the village of Llanwddyn. From the other side 
of the river the two ribs of ash run continuously northwards, but gradually 
diverging from each other as the anticlinal spreads owing to the rise of its 
axis. The beds on the west side dip to the west at angles of about 20° or 30°, 
while those on the other slope dip east and south-east at angles of Jb^ and 
80°, increasing up to 90^, ana eventually being inverted to the amount of 10^ 
beyond the perpendicular, and dipping north-west, or toward the axis, at 80°,*' 
and this reversed dip of the Bala beds, both below and above the limestone, 
of the Denbighshire grit and the overlying Wenlock shale continues on a 
north-east strike for a distance of about ten miles, all the way from tiiQ 
neighbourhood of Garthbibio (Map 60 N.W.) to the countiy two miles south, 
of Llanrhaiadr-yn-Mochnant (Map 74 S.E.) 

'' The SQuthem termination of the limestone at the surfiaoe, as it crosses over 
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the aotidiii&l ridge, nuT be seen in the little vellflj of the Cownj nveif about 
3 miles south of LlanwddTn (Sheet 60 N.W.) A bttle above Pont-y-LJwynog 
a thin kmad of dark limestone and calcaieons slate maY be traced across the 
brooky dipping 8. 10^ W. at 35^ on the south side of the river, where it sud- 
denly enosy and eorTing round higher up till it dips west at 30°, and tiien 
strikes off north of Uanwddyn. 

" In the other direction its continuation was found to be thrown by a fault 
nearlT a quarter of a mile to tiie sooth, being found just south of a ftnn-houae 
called Ffrith-Cowny, dipping south at 60^; from which place it strikes o£P 
north-east, and is seen again in rather a debased form at about a mile distance 
just east of IV-newydd. It here dips N. 30° W. at 75°, being affected, along 
with all this oand of country, by the inversion of dip mentioned before. 

'* The limestone then assumes the form of a caJcareous sandstone rather 
than of a true limestone, but may be laraoed at intervals, accompanied by phos- 
phatic matter dose on the S.£.,* running in a straight line north-east for 6 miles 
to Wem-y-seadog, and the road between Llaniyllin and Uangynnog. For 
the details of the structure of this district I must refer to the maps (Sheet 74 
S.W. and 60 N.W.), but would add that the interest to be derived from the 
stad^ of a locality in which so many and such various physical features are so 
admnably shown, is heightened by the feet of the limestone and parts of the 
ash beds and all the bras about them being crowded with a vast variety of 
fossils, oontaining, I believe, all the characteristio species of tiie formation, and 
generaDy in a ww. preserved condition. 

" From this comer of the Berwyn district, where the rocks are pinched up 
into an anticlinal, forming, as it were, a tail to the dome-like elevation, the 
upper beds open out towards the north-east, and allow of the appearance from 
beneath them of the lower beds about Uangynnog. It is remarkable, however, 
that on the south-east side the ash dies out very soon, simultaneously indeed 
with the diange of the beds about it into a sandstone, and the hmestone 
itself becoming arenaceous. 

'' If we foUow these rocks eastward towards Llanfyllin, the whole of the Bala 
beds are found to acquire a strong arenaceous character, and to resemble the 
Garadoc sandstone of Shropshire rather than the beds about Bala. So strongly 
were Mr. Avelme and myself impressed with this, tiiat we sent a box of spe- 
cimens to Professor Forbes to know if they wero not Garadoc fossils. He 
re|died that they^ were all Bala species, but this prepared me to receive the 
statement that the Bala and Garadoc rocks were the same. 

" The rooks around Llanfyllin generally strike east and west, but are thrown 
into such a number of rapid folds and convolutions that it is impossible to 
follow any one bed or to trace any one horison through them, seen, as they are, 
only in detached quarries or smaU natural sections. 

"I have sometunes thought it possible that the ash beds of Graig-ddu 
and these hiDs south of Llangynnog might be the Bala ash repeated by sharp 
folds and dislocations. 

** The ridge of Graig-y-gorllwyn, again, 2 miles east of Llanrhaiadr-yn- 
Mocdmant, contains a ^rong thick well-marked, ash bed running unbroken 
nearly 3 miles, and so like one of the Bala ash beds that we were strongly 
tempted to consider them equivalents. 

"It dips 8.S.B. at 45^ and therefore it plunges under all the fessiliferous 
flandstone country south of the Tanad in which the Bala limestone ought to 
lie, but its rdtttions to the limestone of Graig-y-glyn is uncertain. 

" Between the Graig-ddu ridge (south of Uangynnog) and that of Graig-y- 
gorllwyn there is a gap in which neither limestone nor ash has been found near 
their regidar strike, but 2 miles north-west of this strike, in the valleys of the 
TM>«l^T and Iwrch, detached frafrments half a mile or more in length of a 
limestone, resting on h bed of gntty ash, not very unlike the Bala limestone, 
make their ^[ipearanoe. They gave me at the time the notion of their being 
detached portions of the BaU limestone thrust bodily thus fer from their 
original place by the action of the great central dislocations mentioned before, 

^ This phosphatic matter was not observed when the coantry was surveyed, but 
it Job lately been discovered, and prcmiises to be of much Yalne, containiiig in some 
I, according to Dr. Voelcker, from 48 to 64 feet of phosphate of lime. 
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and let down as it were into the heart of the lowest rocks of the central mass of 
the dome-like elevation. 

" One of these masses of limestone may be seen at Gorwjllt, on the south 
side of the valley about 2 miles above Llanrhaiadr-yn-Mochnant. It dips S.S.E. 
at 85°, resting on a grittv ash bed ending one way in the Rhaiadr, and in 
the other direction in a brook against some black slate which dips N.W. 
atlO**. 

"The other and more considerable patch of limestone is at Craig-y-Glyn, a 
little more than a mile north of Llanrhaiadr, where the limestone likewise rests 
on a bed of ash, and these two pieces of limestone are doubtless part of the 
same bed. 

''It appears, however, from the fossils it contaLns that the Graig-y-61rn 
limestone is not the Bala but the Llandeilo limestone, and that it must,* if 
anything, be brought up by the faults from below rather than be let down 
frt>m above. 

" Leaving now this dislocated centre, and again returning to the point where 
we commenced, on the road above Milltir-geirig, let us follow the upper beds 
to the north and east. In doing this we shall have as much reason to be struck 
with their steadiness and regularity a^ we have just had with the confusion of 
the central district. 

" From the summit of the ridge called Craig Wen and Pen-y-bryniau the 
whole of the beds strike regularly north, dipping west at angles varying from 
20° to 35°, in the manner shown in fig. 98, and in a more generalised form for 
all the strata of the district in fig. 99. 

" These as they approach Llandrillo curve gentlv and steadily round towards 
the east till they strike due east and dip north at angles of 15° and 20°. 
This east and west strike is steady for a distance of 8 miles to the vwXie^ of 
the Ceiriog between Oanarmon-Dyf&yn-Ceiriog and Llansaintfraid-glyn- 
Cdrioff, beyond which it curves a little to the south, and the beds strike E.S.E. 
towards Sdathm, till they are covered and concealed by the Mountain lime- 
stone and MilLstone grit, which run north and south right across them. The 
Bala limestone indeed is not at all continuous, or, if so, is not visible through- 
out the whole of this sweep. Calcareous and concretionaiy beds that doubtkss 
represent it may be seen a little above the road between Craigiau-duon and 
Bmen-dinam, about 1^ miles S.S.W. of Llandrillo. Similar calcareous bands 
may also be seen about 2 miles east of Llandrillo, in the gullies of Nant Brian 
and Nant Gwynn, just south of their junction. * 

" With these exceptions, nothing was to be seen of the limestone till we 
reached the Ceiriog, south of Lhmsantfraid, though the fossils were found 
abundantly at intervals in all the beds near its margrin. 

" Just south of Llansantfraid Glyn Ceiriog, two bands of limestone make 
their appearance, of which the lower one is doubtless the true representative of 
the Baia Umestone. Thev are well seen, having beto quarried and burnt for 
lime, and, together with the beds of slate in which they Be, are full of the Bala 
fossils. 

" It would appear from the position of these beds, with respect to the Upper 
Silurian beds north of them, that the Upper must be unconfonnable to the 
Lower Silurian formation." 

Ash Beds, — " The Upper Bala ash bed, so well shown in the anticlinal east 
of Oanwddyn (Sheet 74 S.W.), and so clearlv traceable frt>m it to the nortii- 
wards by Moel-di-Moel, Craig-y-castell, the crags over Blaen Rhiwarth, 
assumes thence, as has been before stated, the chaiacter of a trap rather than 
an ash. From Craig Wen to Tyn-y-nant it is a smooth compact felstone, wi& 
small dispersed crystsls of felspar. About a mile south of Llandrillo another 
thin bana of ash may be seen coming in over it, and this, which we called the 
Little ash, is traceable thence for 8 or 10 miles to the eastward. After passing 
over Trum-y-wem, the Upper Bala ash reassumes its normal ashy diaracter. 
and together with the Little ash bed forms conspicuous crags in all the gullies 
and ravines, and often as conspicuous ridges along all the escarpments which 
it traverses, from Pont-rhyd-y-rhyd to the Ceiriog, south of Llansantfraid, and 
the escarpment of the Carboniferous limestone. 

" The Lower Bala ash bed is well seen on Post-gwyn, where it conusts of 
greenstone ash at top, with coarse ash below, and a bed of greenstone udder 
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that. At the Grouae Box, on the ridge to the north of Post-gwyn, a thickness 
of about 200 feet of alternations of two beds of greenstone with greenstone-ash 
maj be seen ; and farther north the two beds of greenstone coalesce into one 
strong bed, which runs thence regularlj round into Clochnant, and after crossing 
the ridge called Trawsnant, gmdually thins oat and dies away south H 
Hafodtj-Uynn. The ash over this greenstone is of that peculiar fine-grained 
smooth texture and greenish-^^rey colour with dark specks that is character- 
istic of greenstone, and it retains that character for some distance to the east- 
ward of the watershed as fiur as the valley of Nant Rhyd-wilym. It gradualhr 
gets coarser to the east, however, and assumes the form of a coarse flaky ash 
like the Upper ash, which it follows persistently and with similar features across 
the count]^ by Craig-fawr, and Moel-ewig, and Pen Llyn-gloyw, to the pictu- 
resque little valley of the Ceiriog so often spoke^ of before. • ^ 

" From this pomt it is still dutinctly traceable by the cliflEs soutii of Gwastad- 
mawr to Llechrhydau and the woods of Cefo-coch, where in some places it is 
associated with beds of felstone containing aystals of pink and green felspar. 
It seems to be getting thicker too and more unportant, but at ' The Springs ' 
is finally covered by the Mountain limestone. 

" Panllel to these long continuous bands of ash, and from 500 to 1,000 feet 
beneath them, is a little bed of greenstone, lying in the plane of the slate beds, 
and nowhere producing any great alteration nor any disturbance. It is about 
20 or 30 feet thick, and stietches from Cwm Uawenog, through Mynydd Bach, 
north of Llanarmon, to Pen-y-gwely, a distance €^ 7 miles. It appears to die 
out in each direction, and may be either a representative of tiie Camedd-y-ci 
or Cader Berwyn greenstones, more probably the former. 

'' From beneath this again came out the dark slates and gritstones of tiie 
Llandeilo flags, making the ridges of which Mynydd Tarw is the chief, the beds 
still dipping genenlly to the north at angles of SfP or thereabouts, and striking 
to the east, in which direction they pass into some singular black sandstones 
about Craig-yx^hwch, Bwlchry-domgay, and Allt-y-gwrsch. 

*' PerhajM still lower beds may come out in Mynvdd Mawr and Gym Modfre, 
but this is very doubtful; and the absence of any appearance of trap of 
any kind between Uanarmon-Dy&yn-Ceiriog and Llanarmon-Mynydd-mawr, 
IJangadwaladr and Llansilin, makes it probable that this distoict is occupied by 
the black slates Ijring above the traps, tnose forming the western slope of Cader 
Berwvn or the neiglmourhood of Llyn Llync-caws. 

"iVaps and ashes, however, make their appearance in considerable force in 
the south-east corner of the district, coming out frt>m under the Carboniferous 
limestone in four iireffular patches at PwlUm-meirch, Tre-arglwydd, Ffynnon- 
d^, and Blodwel HaU. These in some places consist of fdstones or green- 
stones of a massive character, in others of regularly bedded ashes, sometimes 
interstratified with the slates. Some of these contun crystals of pink felspar, 
and otherwise resemble the Lower ash bed as it appears a few miles to the 
northward at Llechrhydaw and Cefii-coch ; and it is probable that a considerable 
mass of igneouf rocks belonging to the Silurian f<»mation may be concealed 
under the Carboniferous beds to the east, with which the Lower ash bed was 
connoected." 

Summary. — The result of ihe foregoing description is, as 
already stated, that in the Berwjn hills there is a repetition of ihe 
rocks of Bala and the country to the west as low as the Llandeilo 
beds, but that in the Berwyns the Lingula flags and the Cam- 
brian strata are absent Of the interbedded igneous rocks, the 
two highest beds r^resent ihe ash beds of Bala and the great 
contemporaneous felstone and ashy beds of Dolwyddelan and 
Snowdon. Probably, indeed, they are precise equiyalents. The 
lower bedded greenstones and felstones are ihe general repre- 
sentatives of the great semicircular group of igneous rocks that 
range from Cader Idris by the Aruis, Arenigs, Manods, and 
Moelwyn, to the neighbourhood of Tremadoc But in the 
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Berwyn country they are much thinner and less varied than in 
Merionethshire. The total thickness of the strata is as follows : — 

feet 
Bala beds above the limestone^ about - 3,300 
,y below ,5 ,9 about 4,500 to 4,800 
Llandeilo flags, about - - - ^ 4,500 

making 12,300 feet of Lower Silurian strata^ exclusive of the 
Lingula flags. 



CHAPTER XXVIL 



Uppeb Silubiak Shales and Flagstones of Denbigh- 

8HIBE AND FLINTSHIRE, OlD BeD SaNDSTONE, CABBOin- 

FEBOus Limestone, and New Bed Sandstone. 

Boundaries of the Upper Silurian Rocks, and Carboniferous 

Limestone^ 

General Description^ — I have already mentioned the lower 
boundary of the Wenlock shale where it overlies the grits of 
Denbighshire, from the mouth of the Conwy to the country near 
Corwen, and from thence along the northern flanks of the Berwyn 
Hills. It now remains briefly to notice its upper boundary and the 
interior country formed of Upper Silurian rocks in Denbighshire. 
On the ri^ht bank of the estuary of the Conwy, opposite the town, 
they are bounded on the north by the Carboniferous limestonei 
which therCf on the heights of Owylfryn and Bryn Curian, dips 
northerly and forms a bold escarpment that overlooks the hollow 
of Llangwystenin^ striking out to sea on the north-west side of 
Bhos bay. Curving round (probably immediately beyond the 
shore), the limestone ^ain touches the coast near Colwyn, and 
its base strikes for about two miles to the south-east as fkr as 
Tyn-y-pistylly near which, south of Llysfaen, a band|pf Old Bed 
Sandstone marl and comstones crops out, and resting on the Wen- 
lock shale, strikes eastward (interrupted by a small fault) as far as 
the neighbourhood of Twll<^llwynog, at the opening of the valley 
that passes down to Abergele. Across this valley the limestone 
seems to rest directly on the Silurian strata, but the ground is 
much obscured by drift On the oppodte side, close to Plas- 
uohaf, the Old Bed Sandstone again emerges, and reposing on the 
Wenlock shale shows itself for about a mile and a half in a narrow 
strip to the neighbourhood of Dinorben, when it is again over- 
lapped by the Carboniferous limestone, which then ranges two 
miles south-east to a point above the river Elwy, at a bend in the 
road from Pen-y-bont to Croes-ffordd or the Crossways. Here 
the Old Bed Sandstone again crops out and separates the Wen* 
lock shale from the limestone in a narrow strip of about seven 
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miles in length, which stretches by Henllan to the road a quarter 
of a mile south of Denbigh, where it is again overlapped by the 
Carboniferous limestone. The grounds of Segrwyd lie on a small 
outlier of this limestone, which above the riyer on the north rests 
on the Old Bed Sandstone, on the N«W. is faulted against the 
Wenlock shale, and on the south and east lies directly on that 
formation* Near Denbigh the New Bed Sandstone, though 
deeply concealed by drift, seems to cover up the limestone, and to 
intrude itself upon the Wenlock shale for about a mile, when the 
Carboniferous rocks again crop out a mile and a quarter west of 
Tilanrhaia<lr and coyer a space of something over a mile square, 
resting highly imconformably on the Wenlock shale. South of 
the brook at Pandy the New Bed Sandstone again intrudes itself 
on the Wenlock rocks for a mile, but near Ty-mawr the limestone 
and Old Bed Sandstone again appear, the latter in a narrow line 
skirting the Wenlock shale as far as the branch in the turnpike 
road inmiediately west of Llanfwrog, near Buthin. Throughout 
all this tract, from the neighbourhood of Colwyn by the sea to 
that near Buthin, these narrow strips of red rows seem to form 
part of the same set of strata as the Old Bed Sandstone of Anglesey, 
and both apparently belong to that upper part of the formation 
which is intimately related to the Carboniferous limestone series. 

South of Buthin the Old Bed Sandstone disappears in Denbigh- 
shire, and the bold Carboniferous limestone escarpment of Coed 
Marchan and Craig-y-adwywynt rests directly on the Wenlock 
shale and dips east at angles varying from 10^ to 20^ At its 
south end, about half a mile east of Llanelidan, it is thrown down 
against the shale by an east and west branch of tlie great Bala 
fault, which bein^ a downthrow on the north, throws the limestone 
against the Wenlock shale and the shale against the Bala beds on 
the north side of Cricor-mawr.* The limestone, about 1,000 feet 
in thickness where exposed, dips at an angle of about 40^ to 
the north, resting quite unconformably on the Wenlock shale. 
This unconformity takes place all along the line above described, 
from the mouth of the Conwy to the neighbourhood of Llan- 
elidan, sout^of the Yale of Clwyd, a distance of about 30 miles. 
Wenlock shale. Old Bed Sandstone, and Carboniferous limestone 
all dip, as a whole, to the north-east ; but whereas the dips of the 
the Old Bed beds and of the limestone are steady in their direction, 
and dip at angles of from 8"" to 20"* and 25^ the Wenlock strata 
lie at all inclinations up to 65^ and frequently the beds strike 
towards the limestone or dip away from it close upon the points 
of junction. 

On the eastern side of the valley the Carboniferous limestone 
in the low ground rises here and there in a few narrow strips 
from underneath the shroud of New Bed Sandstone that fills the 
bottom of the Yale of Clwyd. From the poiut where the lime- 
stone curves round on the south, it first strikes north about a 

* Six-inch Sectioiu, aheet 38, line 6. 
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quarter of a mile in width for three miles, along the east side of 
the valley, in the ridge of Y-Graig-wyllt. It is then covered up 
by the New Bed Sandstone, but again shows itself in a little 
patch east of Llanrhydd. A second occurs south-east of Llan- 
bedr, and a third for more than a mile S.S.E. of Llangynhafal. 
Fig. 99, No. 3, W. of Moel Fammau. A fourth, a mile and a 
half in length, lies east and south-east of Llangwyfen. At Wem 
it is overlapped by the New Ked Sandstone, but again crops out 
for a short space at Bodfari. Beyond this it rises on the hills 
immediately north and south of Tremeirchion, but is again 
covered up by the New Bed Sandstone near Tyddyn-domarch, 
and from thence to Pentre-bach near Diserth, at the mouth of 
the Vale of Clwyd. 

I have lately been informed by Mr. Maw, of Benthall Hati. 
that he has observed three small Permian patches of red marles 
and sandstones between the limestone and the New Bed Sand- 
stone, one at Pentre Methiant near Llanfair Chapel, another south 
of Llangynhafal, and the third at Llangwyfen.* 

Along all this range of about 20 miles in length the limestone 
and overlying New Bed Sandstone dip westward, the sandstone, 
where visible, at a low inclination, and the limestone at angles 
varying from 10® to 20**. The Wenlock shale rises quite uncon- 
formably from beneath them, forming the fine range of lofty hills 
that stretches from the valley of Bryn-Eglwys on the south to 
Cwm, east of Bhyddlan. The loftiest hill in this range is Moel 
Fammau, which rises more than 1,800 feet above the level of the 



The range of Moel Fammau. — Between Pentre-bach, near 
Disserih, and the neighbourhood of Tommen-y-Bhodion, near 
Llandegla,t the Carboniferous limestone bounds the Wenlock 
ahale of the Moel Fanunau range on the east The line forms a 
great irregular curve about 22 miles in length, passing from Moel- 
hiraddug on the north to the country a mile west of Caerwys, 
then S.E. along the slopes on the north side of Afon Chwiler and 
by Cilcen and Llanarmon to a sudden bend in the Buthin road, 
where, near Penant-isaf, it is thrown down against the Wenlock 
shale by a branch of the Bala fault. Here and there the con- 
tinuity of its base line is broken by small faults, some of which, 
between Cilcen and Llanarmon, are lead veins, which lose their 
value as they pass from the limestone into the Wenlock shale. 
As a whole, the limestone, in long terrraced lines, dips east at 
comparatively low angles (15^ to 20°), forming long gentle slopes, 
while the western escarpments form comparatively steeply 
sloping hills. The Wenlock shale, on which it rests quite uncon- 
formably, rises from underneath with a high and irregular yet 
sweeping outline. The sides of the long range are scarred by 
many valleys, and altogether it forms a marked contrast in its 

■ • - - — ■ — — — - — - ■ — 

* Wlien tliis area was mapped, the Petmian rocks of the middle of England had not 
been clearly separated from the New Red Sandstone. A precise separation was first 
made by the Geological Surrey. 

t About 10 miles in a straifrht line west of Wrexham. 

5348. p 



226 THE GEOLoar of north wales. 

heights to the tamer slopes of the Carboniferous rooks below. 
No. 1, Fig. 99^ Moel Faromaiu 

Though the Upper Silurian rocks are occasionally somewhat 
contorted, the prevalent dips are to the westward at all angles, 
ranging up as high as 70°, so that the outcrop of the lowest beds 
of Carboniferous limestone on the east side of the range probably 
lies almost on the base of the Wenlock shale. 

Llangollen. — South-east of the Vale of Clwyd, between the 
Bala beds of Cyrn-y-brain and the Berwyns, the Wenlock shale fills 
a space about 6 miles broad, consisting of steep-sided round-topped 
hillsy intersected from east to west by the river Dee. Numerous 
subsidiary valleys branch north and south from the river into the 
heart of the hills. On the east, between Craig Arthur and Ty- 
uchaf,* the Old Bed Sandstone rests unconformably upon it From 
thence to Tan-y-Castellf a fault passes firom Y-fron-fistwr to the 
south-east, and throws first the Old Bed Sandstone and then tiie 
Carboniferous limestone and millstone grit against the Wenlock 
shale above the river Dee to a point 4 miles east of Llangollen. 

Went of the Vale of Clwyd. — The Upper Silurian rocks that lie 
west of the Yale of Clwyd present in part the same kind of 
physical features that mark the rocks on either side of the Yale 
of Llangollen. A wide tract of high hills strikes westward from 
the upper part of the valley towards Llanrwst. The rocks dip- 
ping northerly, these hills are apt to be scarped towards the south, 
and their height is partly due to resistance to waste, because of 
the hardness of the Denbighshire flagstones and grits that here 
form the base of the Wenlock strata. 

The chief drainage of this country flows northward through a 
perfect network of valleys, and gradually uniting to form larger 
streams, the water at length finds its way into the river Clwyd 
through various gaps in the limestone rocks that flank the Wenlock 
shale on the east I know of no better area in Wales than 
this part of Denbighshire by which to prove the effects of 
running water in cutting out in an old table-land that labyrinth 
of valleys, sometimes shallow, sometimes deep and steep-sided, 
the accumulated waters of which have in places cut their way 
from high to low levels across the escarpment of Carboniferous 
limestone that flanks the Wenlock shale on the east The whole 
country in fact is intersected by yalleys so numerous and com- 
paratively so steep on the sides that there is scarcely any part 
of Wales more difficult of access than this part of Denbighshire. 
It is esseutially a rural district, without large rivers, without 
mines or centres of trade, and even without villages or market 
towns of any importance, in an area of about 25 miles in length 
and from 6 to 14 in width. The very roads convenient for driving 
are few, and in general you may walk faster in the heart of 
Denbighshire than you can ride. 

A long band of sandstone lies in the heart of the country, 
but the rest of this part of Denbighshire is shaley and flaggy. 



* About 2 miles north of Llangollen. f ^ inile north of Llangollen. 
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with a tendency to become sandy in the higher strata, some of 
which may belong to the Lndlow rocks. The scarcity of fossils, 
howeyer, and the absence of dividing limestones, renders this 
nnoertain, and yet near Corwen the shaley and concretionary 
character of about 1,700 feet of rocks at the base, and further 
east an4 north the flaggy and sometimes sandy nature of about 
3,000 feet of higher strata, agrees tolerably well with somewhat 
similar developments in Shropdiire and South Wales.* 

In Denbighshire, fossils have mostly been found in the lower 
part of the series in dark blue or blackish shale. They chiefly 
consist of thiuHshelled OrthoceratUes, Orthoeeras primmvum, and 
O. ventrieoMum^ with Cardiola tnterruptOy a few graptoUtes {prio^ 
don)^ and EncrinUes {Actinocrinus pidcher), sometimes in rings and 
fragments and sometimes with the heads attached to long stems. 

General physical structure of the Vale of Clwyd and its neigh^ 
bourhood. — The physical structure of the Yale of Clwyd and the 
hills on either side will be understood by reference to Fig. 99, and 
may be briefly summed up as follows : — 

The whole consists of a long synclinal curve, with minor undu- 
lations, partly formed of Upper Silurian rocks. The eastern side 
of the bend, as far as Upper Silurian rocks are concerned, con« 
siBts of the Moel Fammau range, and the western boundary 
stretches from Conway to Derwen, from whence the whole syn- 
clinal basin runs in a narrow strip far south to Tarannon in Mont- 
gomeryshire. Much denudation had taken place long before the 
depoadon of the Carboniferous limestone, and in a denuded 
synclinal hollow the limestone was deposited that now underlies 
the Yale of Clwyd, and an outlying fragment of which occurs 
near Corwen, on the Dee. Long after, other elevations, with 
lower angles, repeated the synclinal curve in the limestone of the 
valley, and denudations took place. Before the deposition of 
the New Sed Sandstone, gaps had probably been cut in an 
escarpment of Carboniferous limestone, as for instance between 
Denbigh and Llanrhiadr, also south of Llanrhiadr, and i^ain at 
Llanfwrog, near Buthin ; and it is likely that these denudations had 
already removed from this area Coal-measures that once covered 
the limestone before the deposition of the New Bed Sandstone com- 
menced. In the hollow of the limestone thus formed the lower beds 
of the New Bed Sandstone stretch from end to end of the beautiful 
Yale of Clwyd, which at its mouth near Bhyddlan is about 6 miles 
wide, and trending S.S.E. for more than 20 miles it gradually 
tapers to about a mile in width, near Llanfair, south of Buthin. 
Seen from the heights above Bryn Eglwysjt there are few scenes 
in Wales more lovely than the wooded pluns of the Clwyd. 
Overlooked on one side by the barren range of Moel Fammau, 
and on the other by the limestone cliffs of Denbigh and Abergele, 



* Through Badnonhire to Bniltb, over a large area, the Wenlock shales axe about 
1,500 fbet thick, and often fbll of calcareous concretions, while from 3,000 to 3,000 
Ibet of sandj strata lie between them and the Old Bed Sandstone. 

t About 6 miles toath of Bntfain. 
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the fertile lowland forms a marked contrast to the wildness of 
the hills amid which it lies, while far in the distance the plain 
merges at length into the low aliuTial marshes that skirt the 
shores of Bhyl. There is no other part of Britain where the 
secondary rocks lie so enclosed, as if in a great bay, in the 
heart of the Palaeozoic formations ; and it is this that gives a 
charm so peculiar to the scenery of this remarkable depression. 
The structure of the whole valley is typified in the section. 
Fig. 99, which crosses the country a few degrees north of east over 
Moel Fammau. 

Though foreign to the subject of this memoir, it may here be 
advisable to give a little additional matter about the New Red 
Sandstone of the Vale of Clwyd, especially as persons occasionally 
speculate as to the probable occurrence of coal in the valley under- 
neath that formation. 

The valley in general is so deeply covered by drift that the New 
Bed Sandstone is rarely seen in place ; but it is probable that it 
entirely belongs to that lowest member of the Bunter Sandstone 
which in Cheshire and the central counties has been mapped by 
the Survey under the name of the Lower Soft Red or Variegated 
Sandstone. It is probable that in parts of the valley within the 
edges of the New Red Sandstone the Permian strata lie between 
it and the Carboniferous formations ; but it is worthy of remark 
that on the east of the Denbighshire coal-field the Permian beds 
do not extend northward more than a mile beyond Gresford, and 
this taken in connexion with the occasional narrow strips in which 
it is said to appear at the base of the New Red Sandstone helps 
to indicate that it may not generally underlie that formation 
throughout. Neither is it to be supposed that productive Coal- 
measures probably lie in the Vale of Clwyd. On the contrary, 
it seems not improbable that south-east of Rhydd-*lan, between 
Disserth and iSremierchion, the Carboniferous limestone and 
Permian rocks lie close inside the edge of the New Red Sand- 
stone, and that the whole of the rest of the last-named formation 
is underlaid chiefly by the limestone, except in occasional spots 
where it rests on Wenlock shale. If this be correct, then on 
the north the limestone of Disserth curves round beneath the 
New Red Sandstone and alluvium of Rhyddlan* and striking west 
with a northerly dip passes seaward beneath the marsh at Abergele, 
throwing any possible productive Coal-measure oat to sea under- 
neath Rhyl flats towards Constable Bank. 
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CHAPTER XXVin. 

SUXMABT. — ^DlSTUBBAKCB AND DENUDATION. 

The chief object of this Memoir has now been accomplished, for 
I hfl^e described in detail the Cambrian and Lower Silurian rocks 
of Merionethshire^ Caernarvonshire, and Anglesey, and in a briefer 
manner the Upper Silurian and other strata that lie strictly- 
within the region I proposed to illustrate. I shall now, in con- 
clusion, revert to some l^ing stratigraphical and palssontological 
points, by way of summary, and also partly to show the general 
connexion of the region described with other parts of Wales, in 
such a way as to explain the effect of the whole on its physical 
geography. 

First, then, the term Cambrian has been applied by the Geo- 
logical Survey only to those strata that lie directly below the Lin- 
gula flags, and which, excepting worm-burrows^ have heretofore 
only yielded doubtful fossils. These are the oldest strata in Wales, 
and are believed to be the equivalents of the Irish rocks at Bray, 
and of the red conglomerates and sandstones in the north-west of 
Scotland described by Sir Boderick Murcluson* In Wales, how* 
ever, we never get to their base, and whether or not they lie un- 
conformably on gneiss, like that of the Lewes and the St. Lawrence, 
it is vain to speculate. 

The relation, however, of the Cambrian to the overlying strata 
is clear, for everywhere in Wales there seems to be confonmty, 
and even a gradual passage from the Cambrian rocks to the Lin- 
gula flaga They are, therefore, intimately related to each other, 
and perhaps, except for the convenience of a great lithological 
distinction, diey scarcely require separation by line and colour. 

The Lingula flags, from 5,000 to 6,000 feet thick where 
thickest, contain, as at present known, about 22 species of Trilo- 
bites of the genera Dtkeloeephaltu (4), Agnostus (5), Olenus (7), 
Conoeorjfphe (Canocephalus) (3), JElIipsocephalus (1), and Paradox^ 
ides (2); Hymenacaris vermicauda, and 3 Brachiopoda (2 LinguUe 
and an Orthu), 1 Polyzoon (Dictyonema), and several AnneUds. 

Above the true Lingula flags lie the Tremadoc slates ; 2ind 
Mr. Salter first proved that the fossils of these beds are m^nly 
distinct from those of the Linguhi fli^a belo^r and of the Llan- 
deilo and Bala beds above them. Thus of 11 genera of Tribolites 
only Dikelocephalus, Conocoryphe, Olenus, and Agnostus,^ are 
common to the Lin^ila flags, and the species are entirely distinct. 
The remaining seven are Angelina, Asapkus, Cheirurus^ Ogygia 
Ampyx, Psilocephalus, and Niobe. The Pteropod Tkeea, and 
Belleraphon, Conulariay OrthoceraSy and Cyrtoceras, as far j^ 
we know, first appear in the Tremadoc slates in Bntam. Of 
the TriboUtes, Agnostus prineeps seems to be the only f?^f^ 
common to Lingula flags and Tremadoc slate, and of a tolerably 
namerous list of bivalve sheUs Lingulella, Davisii and X. fepC^ 
are the only forms that ascend from the lower honwn. X^ 
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was not till after the whole of Wales had been mapped that the 
existence of the Tremadoo slate as a recognizable subformation 
was suspected, for where almost all the rocks are slaty, and where 
there is no yisible break in conformity, minor lithological distinc- 
tions are generally of small yalue. AH known evidence, howeyer, 
tends to prove that in Wales the Tremadoo slate is a very local 
formation^ and though searched for, none of its peculiar fossils 
have yet been found in Wales, except in certain spots in Merioneth- 
shire and Caernarvonshire. 

Next come the Llandeilo and Bala beds, the prodigious develop- 
ment of life in which had no parallel in the older British forma- 
tions ; and it is important to remember that the fossils of these 
strata are to a great extent different generically, and almost entirely 
specifically, from those known in the more ancient formations. 

With respect, then, to Lingula, Tremadoc, and Llandeilo and 
Bala beds, taking into consideration the remarkable breaks in 
succession not only of species but of genera, together with various 
physical points of great significance, I have no doubt that actual 
unconformity exists in this part of the series, and that there is a 
necessary connexion between these facts. Indeed, this uncon- 
formity, if not s^n, is, as already stated, easily inferred, for while 
in Merionethshire the Lingula flags are from 5,000 to 6,000 feet 
thick, only 11 miles north, near Llanberris, their thickness is only 
2,000 feet, this reduction having been produced probably by un^ 
conformable overlap* Close to Menai Straits, if present at all, the 
Lingula beds are still thinner, and in Anglesey they are absent 
altogether, so that the Llandeilo and Bala beas lie directly and, 
I believe, unconformably on Cambrian strata. To show that this 
is not a mere local accident, let me recall the circumstance that in 
Ireland and in Sutherlandshire the Lingula flags are also absent, 
and Llandeilo beds lie unconformably on Cambrian grits and 
conglomeratea 

For the remainder of the Silurian formations I cannot easily do 
better than quote what I have said elsewhere on the subject, with 
modifications.* 

Llandovery or Pentamerus-beds, — ^The evidence of the physical and pabeon- 
tological rektioDB of the Llandovery beds to the underlying strata is as 
follows. 

Iq North Wales, in Montgomeryshire and Merionethshire, the Lower 
Llandovery beds, being sandy, are easiiv separable from the slaty Bala beds 
beneath, and there is no very direct evidence of unconformity between them ; 
but in South Wales, near Llandovery,t there is proof at Noeth-Grug of a 
slight unconformity between them and the black slates on which they lie. 

The Upper Llandovery rocks, however, behave in a verv diflferent manner. 
These range interruptedly from Marloes Bay in Pembrokeshire through 
Caermarthenshire to Builtn, the Longmynd, and the typical Silurian oountzy 
of Shropshire ; and everywhere thev rest quite unconformably on older rocks, 
lying sometimes on the denuded edges of the Lower Llandovery beds, some- 
tunes on Caradoc Sandstone, and at Builth and the Longmynd on the highly 
contorted and denuded Llandeilo and Cambrian strata. 

The lists of the Geological Survey show that about 90 species of foaaila are 

* Annivenazy Address of the President to the Geological Society, 1863. 
t Observed and mapped by Mr. Aveline. 
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known in tbe Lower and Upper LUndoyeiy sirata of Wales and its neigh- 
bourhood. These, taken together, are, on the whole, so distinctive that it has 
been proposed to elevate the strata in which they occur into a Middle Silurian 
series ; and, at all events, their stratigraphical and palaeontological relations 
are so important that I give the following analysis of the fossils of the 
Llandovery beds, showing their palapontological relations to the Caradoc and 
Wenlock strata, which has been prepared by Mr. Etheridge and myself from 
his lists of the fossils of the British Islands stratigraphi<»lly ananged, and 
which will shortly be published. 

Table of the Fossils of the Llahdovebt Beds of Wales akd the Neigh- 
bourhood, SHOWING THEIB BeLATIOE TO THE CaKADOG SaNDSTONE AMD THE 

Weklock Shale.* 



Fossils. 



TnlobiteB. 

Acidaspis Brightii 
Calymene brevicapitata 
Cheimnui bimucronatos 
Cybele yermcosa 
Eocrioams panctatos 
Homalonotiis bisulcatns 
BlienoB Bowmaimi - 
BlenopeiB Thompsoni 
Phaoops Caudatus - 
■ Stokesii 

Brachiopoda. 

Atrypa reticalaris - 

craasa 

liepUena Bericea 

traosversalis 

Ordiis biloba 

' caligramma - 

elegantnla - 

— ^^ porcata 

reversa 

testadinaria - 

Pentamems lens 

■ lyratus 

■ obloagns ' - 
— ^— imdatos 
Bhynchonella borealis 

— Grayii 
— ^^— nuciila 
Spirifer elevatns 

— trapezoidalis 
— ^— octoplicatos - 
Strophomena antiquata 
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* When a fosdl passes from any formation into the next but one above or below, it 
la eonaidered that it probably oecars in the inteimediate formation, and its place is 
marked thus? 
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Fossils. 



Cabadoo 
Sandstonb. 



Lower 
Llav- 

DOYSST 

Beds. 



Uppbb 
Llak- 

DOVERT 

Beds. 



Higher 

SlLURIAH 

Strata. 



Brackiopoda — cont 
Strophomena euglypha 
— ^^— pecten 

tenuistriata - 

bipartita 

LameUibranchiata, 

Pterinea retrofleza - ' 

planulata 

demissa 

Actinodonta cuneata 
Ctenodonta deltoidea 

Eastnori 

lingoalis 

rhomboidea - 

' snbseqaalis - 
Cncullaea antiquata - 
Goniophora cymbaeformis 
LjTodesma cuneata - 
Modiolopsis antiquata 
Mytilns mitilimeris - 
Orthonota amygdalina 

inomata 

semisulcata - 

Gasteropoda, 

Cyclonema crebristria 
Euomphalus alatus - 

sculptus 

' tricinctus 

■ subcarinatus - 
Holopella cancellata - 
— — conica 
Murchisonia angulata 
cancellata - 



gyrogoma 
inflata 
pulchra 
simplex 



Platychisma Williamsii 
Raphistoma lenticularis 
Trochonema trochleata 
— ^^— tricincta 
Turbo tritorquatns - 
Bellerophon bilobatns 

■ carinatus 
dilitatus 

■ ezpansus 
■ obtectus 

— subdecussatuB 

Pteropoda, 

Connlaria Sowerbii - 

Cepliolopoda, 

Litnites Cornqarietes 
Orthoceras annulatum 
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Fossils. 
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The foregoing Table shows that, aooording to existing British lists, there 
are 72 Lower liandoveiy species. Of these, 54 have survived from the pro- 
digious nmnbers, 576 species named, found in the Caradoc and Bala beds ; 
none are peculiar to the formation ; 66 pass into the Upper Llandovery rocks, 
45 of which also pass into the Wenlock shale. 

While therefore three-quarters of its fossils are found also in Lower 
Silurian rocks, the disappearance of so large a proportion of Caradoc species 
proves a venr great change of conditions. Considering the relative numbers 
in the two rormations, it is too much to suppose that the older &una was 
destroved by the invasion of a few new species from another area, although, 
if the beds be conformable to each other, tnis is probably an obvious though 
not the most likelv explanation. The suspicious unconformity between Caradoc 
and Lower Llandoveiy beds in South Wales points in the direction that in 
reality there is a gap, due to upheaval and denudation, unrepresented by strata, 
between the two formations, and that on re-submergence only a few of the 
ancient Caradoc forms survived, to mingle with newer forms at first almost 
equally limited in number. 

The Upper Llandovery beds have yielded as yet about 85 species, 66 of 
whidi occur in the Lower Llandoverv rocks. Six species belonging to the 
latter have disappeared, and while about 51 Upper Llandovery fonns are 
known in the Caradoc Sandstone. 

The absolute unconformity of the Upper Llandovery beds on all below, 
coupled with change of species, is another remarkable coincidence, ^ and 
is clearly connectea with a lapse of unrepresented time; for the Lower 
Silurian strata were, in our area, m places metamorphosed, intensely contorted, 
upheaved, and extremely denuded before the deposition of the Upper Llando- 
vezy beds began. Such events involve the lapse of a period of tune (unrepre- 
sented by strata) which it is almost impossible to exaggerate ; and I bdieve 
that we see the result in the loss of ola species and tne appearance of new. 
The change in this respect is, however, fur less both in genera and species than 
that which took place oetween the Lingula and Tremadoc and Llanaeilo beds ; 
and therefore possibly the smaller changes represent shorter periods of strati- 
graphically unrepresented time. 

fVenloek Shale, A-c. — If we now examine the relation of the Wenlock shale 
to the Upper Llanaoveiy beds, we shall find that, out of 85 species, 55, or nearly 
f , pass upwards into the former, which frequently overlaps the Llandoveiy 
beds in such a manner as to leave no doubt of an unconformity that must again 
indicate a period of unrepresented time, after which we have the vast devdop- 
ment of life of the unaonbted Upper Silurian epoch, during which 5,000 
or 6,000 feet of strata were deposited in a period of apparently slow and steady 
draression. 

Furthermore it is evident, from the sandy character of most of the Llando- 
very strata, from the conglomerate nature of part of the upper beds (derived 
from the waste of the Lower Silurian rocks), from the comparative thinness. 
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local character, and repeated unconformities of its members, extending even to 
the Tarannon shale, that they were formed during an epoch of oscillation of 
level, and therefore that its component parts only represent frai^ments of a 
great intermediate epoch that elapsed between the close of the deposition of 
the Caradoc Sandstone and the beginning of that of the Wenlock Shale. The 
main result is, that of about 90 Llandovery spedes in all, 54 pass downwards 
into the Caradoc Sandstone, and 55 upwards into newer Silurian formations. 
We have now seen that in the whole Silurian series there are six very distinct 
sets of strata, and five stratigraphical breaks between them, as follows : — 
Lingula-flags, — 
Between which and the Tremadoc slate there is a break ver^ nearly eom- 
plete both in genera and species, and probable unconformity. 
Tremadoc Slate. 
Break very nearly complete both in genera and species, and probable 
unconformity. 
Llandeilo and Caradoc beds. 

Large break, especially in species, and probable unconformity. 
Lower Llandovery beds. 

Break and partial unconformity. 
Upper Llandovery beds. 

Break and unconformity. 
Wenlock Shale, Sec. 

Each of these breaks, in my opinion, necessarily implies a lost epoch, 
stratigraphically ouite unrepresented in our area, ana the life of which is only 
feebly representea in some cases by the fossils common to the underlying and 
overlying formations. 

But whateyer difference of opioion may exist as to the disturb- 
ance of the Cambrian, Lingula, and Tremadoc beds before the 
commencement of the Llandeilo and Caradoc epoch, there can 
be no doubt that from the top of these strata downwards all the 
rocks were bent, contorted, and much denuded before the com- 
mencement of the deposition of the Llandovery rocks, or at all 
eyents of the Upper Llandovery strata. It was the pressure 
incident to the contortion of these lower strata that induced that 
first cleavage characteristic of all the Cambrian and Lower 
Silurian rocks of Wales, in the highly disturbed regions north of 
the Towey in Carmarthenshire,* and west of the valley of Church 
Sti'etton in Shropshire* As we might expect, this cleavage is most 
intense in the lower slaty strata that, like those of Llanberis and 
Fenrhyn, lie in the centre of the great anticlinal curves, for there 
the superincumbent weight and vertical pressure of the pile was 
necessarily greatest, while what may be called the horizontal pres- 
sure was going on that produced the contortion and cleavage of the 
lower strata. At these great depths the component particles of the 
strata could not, by fracture and shattering, escape that intense 
force that compressed and turned them on their axes and thus 
produced cleavage. The great north-east faults are of later date 
than the contortion of the strata, while many of the smaller 
ones are clearly connected with it, and when the fractures took 

Slace, those parts of both kinds that now cut the surface were 
eep under ground and unexposed by denudation. 



* In Dyneror Park and its neighbourhood north of the Towey a very ttnall tnot 
of country is oncleaved. 
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A later distnrbaDce of the strata produced a second and more 
partial cleavage in the Upper Silurian rocks^ so well marked at 
Llangollen and many other places, but at what precise period 
this occurred I am unable to say, though it must have been 
before the deposition of the Upper Old Red Sandstone. In 
that case underneath a thick casing of unconformable Upper 
Silurian rocks the Lower Silurian strata experienced a second 
great disturbance, evidence of which is occasionally found in a 
second set of cleavage planes in the lower Silurian rocks themselves, 
and also in the partial identity of strike of Lower with Upper 
Silurian formations. 

It is curious how rooted the idea is in some minds that the 
broad-spreading masses of igneous rocks in the Lower Silurian 
regions are connected with, and indeed the cause of, the disturb* 
ance of the strata amid which they lie ; and some who are not 
far advanced in their geological studiep being told that there are 
volcanic rocks round Llyn Idwal and Llyn Llydaw on Snowdon, at 
once jump to the conclusion that the sides of these and such like 
carries are the actual walls of Lower Silurian craters, in the hollows 
of which lakes lie, as in the extinct craters of the Eifel. In 
reality, such hollows are the result of denudation, and are intimately 
related to the icy phenomena of a very late period, and indeed 
in all glacier regions, past and present, high circular hollows like 
these are exceedingly characteristic So little, in fact, have the 
igneous rocks to do with the disturbance of the strata, that, as I 
have already said, they chiefly consist of lavas and ashes, belonging 
first to the Llandeilo and secondly to the Bala period, which have 
themselves suffered contortion and other accidents along with the 
strata among which they are interbedded. Even the great bosses 
of porphyry seem often only to be Cambrian and Lower Silurian 
rocks that have themselves been fused; and while sometimes 
these appear to have been somewhat affected by contortion, they 
have certainly been broken by the greater faults like the strata 
amid which they occur. Lying as they invariably do either amid 
the true volcanic rocks or in lower stratigraphies horizons, and 
being for the most part felspathic, some of them may well be 
the deep-seated masses from whence the lavas and ashes of the 
volcanoes came ; and I do not see why this should not hold, even 
though they may only in certain instances have been Cambrian 
or Lower Silurian strata that passed into a state of fusion. The 
long lines of intrusive greenstone are more puzzling, and perhaps 
originated in the intrusion of matter into the Llandeilo and BsJa 
beds from more deeply-seated melted matter, but as they are 
always assodated with rocks on the volcanic horizons they are 
certainly connected with the phenomena of the volcanos, although 
holding homblend, they are different from the conunon lavas and 
ashes of the time. 

Other greenstones, such as the narrow east and west dykes of 
Llanberis and the Penrhyn state quarries, are of later date, for a 
specimen from Penrhyn, shown me by Mr. Gri£Sth EUis, contained 
a fragment of cleaved purple slate, and these dykes are therefore 
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of later date than the contortionfl of the strata that produced the 
cleavage, and are probably post-carboniferous. 

It would be an easy though a long task to extend these descrip- 
tions still further^ and to show how equivalent Lower Silurian and 
Cambrian strata crop out from under uncomformable Upper 
Silurian beds in the areas of the Breidden Hills and in the district 
of Shelve by the Jjongpiyndf Builtb, and St David's, but though I 
constantly visited and assisted the officers of the Survey while the 
work was in progress, these regions, excepting those of Bullth and 
St David's, rather lie outside the region with which personally I 
had most to do in mapping, and the more minute details of the 
districts are therefore less familiar to me. A glance of the map, 
however, shows that between Caernarvon Bay and Shropshire 
the lower strata rise to the surface three times in three great 
anticlinal curves; first at Llanberis, where the Cambrian rocks 
arc the lowest that crop up ; the second in Merionethshire, between 
Ffestiniog and Barmouth^ the third in the boss of the Berwyn 
Hills, and the fourth in the heights of the Longmynd. In Uie 
synclinal hollows between the two eastern of these curves Upper 
Silurian rocks have been partially . saved from denudation, for I 
have no doubt that the greater part of them once spread across the 
Lower Silurian strata of the whole of Wales and its neighbour- 
hood.* 

In that case it is probable that nearly the whole of Wales, before 
the Upper Silurian rocks were deposited, had suffered denudation 
as extreme as that which took place in the Longmynd before 
the formation of the Upper Llandovery rocks, which it is well 
known in that region lie indifferently on lowest Llandeilo and 
uppermost Caradoc beds, and, as may be seen in Mr. Aveline's sec- 
tions across that country,! once covered the topmost parts of the 
Cambrian rocks of the Longmynd themselves. Whether the Lower 
Silurian rocks of Wales before that time formed plains of 
marine denudation worn into undulations I do not know, but I 
think it probable that they did. However this may be, it seems 
to me almost certain that at a much later period great plains of 
marine denudation^ formed what is now the region of Wales, 
making table-lands with intersecting valleys, one of which is now the 
Vale of Clwyd. These table-lands, after repeated changes of the 
same kind, were, I believe, older than the New Bed Sandstone, but 
the details are too long to be discussed here.§ By denudations, 
chiefly subserial since that time, the details of the present outlines 



* I even think it probable, after vast denudations of the older strata, that the 
Upper Carboniferoas rocks themselves once covered a prodigiously greater part of 
that vast region than they do at present 

t Six-inch sections, sheet 34^ Une2. 

X For an explanation of this term, see "Lectures to Working Men," 1864, 
p. 140, Ramsay. 

§ The flat top of the Mendip hills, fi^rmed of denuded Carboniferous rocks and Old 
Red Sandstone, formed a part ofone of these plains ; and the highly contorted DeroniBn 
strata of the Rhine and Moselle show like appearances. The phenomena are by no 
means isolated, but speak of a long period of comparative repose and subsequent 

-^quil elevation. 
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of Wales have, I think^ been produced, modified probably by short 
submersions; for though there is no absolute proof that W^es has 
been beneath the sea since the formation of the New Bed Sandstone, 
except during the Drift period, such submersions may have taken 
place, their traces having been obliterated. Under any circumstances 
there has been plenty of time for the cutting out of valleys in old 
table*lands by &e weather, by running water, and by glaciers, for I 
have no faith in the formation of any of these existing systems of 
minor valleys either by fractures or by unbroken curvatures of the 
strata. Grreat valleys between two distinct mountain ranges may 
be formed in this way, minor ones, I think, rarely or almost never, 
and then only under circumstances which I have only once 
seen in the Jura, and which do not exist in Wales. Indeed, 
I cannot understand how any one can reasonably explain 
the formation of the Welsh valleys by bending and" fracture 
of beds if he has once realised the idea of the thousands of 
feet of strata that have been removed by denudation since the 
contortion of the strata took place.* When that contortion 
occurred and was finished, the mountain tops, for instance, of the 
Cader Idris and the Snowdon ranges were still buried deep under 
many thousands of feet of higher Bala beds, and at a later period, 
I believe, by an immense thickness of Upper Silurian strata. 
Daring enormous geological periods since then, these strata have 
been slowly removed by denudation and the present surface has 
been formed, the general result being that the harder rocks now 
stand out as rugged mountains, not because of extra rending and 
disturbance there« but because they have been and are more difficult 
to wear away. Therefore the valleys of the country, chiefly worn 
out by the drainage of these high lands and dating from times of 
inconceivable antiquity, are all of later date than the disturbances, 
and are now in no way inunediately connected with them, 
whether there be faults in the hollows or not ; for, like the present 
surface rocks, the faults themselves when formed were (as far as 
regards the parts now at the surface) thousands of feet deep in the 
earth. Faults, however, in conjunction with denudation, often 
determine the direction of valleys by bringing hard and soft rocks 
together, as, for instance, in the case of the valley of Bala lake, 
which has been chiefly cut out in soft rocks between two ranges 
of felspathic porphyry. 

To the eye of one who appreciates the physical features of a 
country there is indeed, on ascending a height, nothing more 
striking than the average flatness of the tops of many of the hills, 
especiiuly when the rocks which compose them are of tolerably 
uniform texture ; a flatness, be it remembered, not connected with 
anything like a horizontal position in the beds, for everywhere 

* See an essay on this subject in the first Tolame of the Memoirs of the Creological 
Snrrej, '* On the Denudation of Soath Wales and the Adjacent Counties," Ramsay. 
In that essay the main otject was to show the vast amount of matter remoyed by 
denudation after the distorbance of the rocka. In that I believe I succeeded ; but I 
am now aware that I attributed too much to the power of the sea as haying cut out 
many of the yalleyn of the country, and too little to ordinary snberial actions. 
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they are contorted and oflen stand on end. All Wales shows this 
feature^ from the Towey to the slaty hills that flank Cader Idria 
and the Arans on the south and east^ and even in the mountain 
land from Cader Idris to the Menai straits, traces of a mmilar 
approximate uniformity of height are plain to the experienced eye, 
showing the relics of an old form of ground, in which deep valleys 
have been not rent but scooped out. In lower ground, the 
features of Denbighshire east of the Vale of Clwyd in a remark- 
able manner agrees with these principles. There in an average 
table-land, the result of the quiet marine denudation of disturb^ 
strata, innumerable valleys have been cut out of the solid mass^ 
the accumulated drainage of which forms streams of tolerable size, 
which, from higher to lower levels, have gradually cut through an 
imfaulted escarpment of Carboniferous limestone on their way to 
join the Clwyd. Such principles, I am convinced, give, when well 
considered, the true key to the meaning of the present outlines of 
the country, and few subjects in physical geology would possess 
greater interest than a complete account of the denudations by 
which, after disturbance of the strata, Wales assumed its present 
form. 



APPENDIX. 



ON THE FOSSILS OF NORTH WALES. 

By J. W. SALTER, A.L.S., F.G.S., &a, 

JJLTU TAJL3tOVT01jOQlBT TO THS OSOLOOICAL BUBTBT. 

Juice 1865. 



LIST OP THE WOODCUTS. 



PNSe- 


Figure. 


1 Localities. 




243 
243 


1 
2 


Filled up Annelide bairovs 

ArenicoUUg, double worm 
burrows. 


Bangor 
Longmynd, &c. - 


» Cambrian. 
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3 


Plaited sar&ce of flaggy beds 


Maeutwrog 


lingula flags. 


282 


4 


lachadiiea antiquus, Salter - 


Arenig 


Upper Llandeilo. 


294 


5 


Hymenoeartsf latus id. - 


Tremadoc * 


Upper Tremadoc 


295 


6 


Ceratiocarisfinsperatits id, - 


Do. 


Upper ? Tremadoc. 


299 


7 


Agnoshu, sp. - - id. - 


W. of Bala - 


Lower Llandeilo. 


316 


8 


Psilocephaluainjlatug' id. - 


Fenmorfa - 


Lower Tremadoc. 


320 
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Ampyx tumidus - id. - 


Bala ... 


Caradoc. 


323 


10 


Cheirurus Frederici - id. - 


Tremadoc . 


Upper Tremadoc 


334 


11 


LingvleUa lepis - id. - 


Do. 


Lower and Upper do. 
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Modichpsia pyrua - id. - 


•» 
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Palaarca modiciaris - id. - 
P. quadrata - - id. - 


In. Wales . 


Caradoc 


342 




P. BiUingsiana - id. - 


^ 
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Ctenodonta varicosa - id. - 


Do. 


Do. 
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Palxarca obscura - id. - 


Do. 


Do. 


343 




P. f buUa - - id. - 


Wales and Sbrop- 
shire. 


Do. 
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14 


Uolopea exserta, Forbes 


Bala, N. Wales - 


Do. 


— 




H.conica - - id. 


Do. 


Do. 


— 




H, lymnatoides - id. 


Do. 


Do. 
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H, carinata - id. 


Do. 


Do. 
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Cyclonema crebrUtria, M*Coy 


Do. 


Do. 


^■^ 




Theca reverse, Salter 


Wales and Shrop- 
shire. 


Do. 
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15 


BeUerophon nodoeua^iiL, 


Do. 


Do. 


360 


16 


B. perturbatuSf Sowerby 


Wales . 


Upper Llandeilc 


352 


17 


Tlieca obtiua, Salter 


N. Wales . - 


Lingala flags. 


353 


18 


Pterotheca corrugatOjid. 


Do. 


Caradoc. 


854 


19 


Ccntdaria IcBvigata^ id. 


Do. 


Do. 



For Description of Plates, see p. 379. 
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A DESCRIPTION of the fossils iUustrative of the preceding memoir has been 
so long looked for, and so many hindrances have prevented its being brought 
to completion, that a more than ordinair apology is due if after all it should 
not be so full and satisfisctory as may be desired. 

I have mdeavoured to describe and figure all that I know of the fossils of 
those obscure strata which lie at the base of alL* They axe jfbrtunately for the 
niost nart within the North Welch area, and it has been thought worth while to 
include the few observed in other districts, so as to render the account more 
complete. I hope, therefore, in this respect my brother palspontologists may 
find matfriaJB wortii their notice. But with respect to a]l the overlying strata, 
Llandeilo, Caradoc, Lkmdoveiy, Wenlock, &c., lists onlv are given, and the 
more prominent of the new species figured and describeat A very consider- 
able number of less perfect forms wait for another opportunity. 

It would, indeed, DC premature to attempt a complete catalogue of the organic 
remains of the prindpidity. That can be better done when the geology of the 
southern districts and of Shropshire shall have been described. And it is the less 
necessary to do this with the mass of the Welch fossils, since there is a very dose 
affinity — naj, identity — ^between the organic remains throughout the whole 
region of Wales and those of Siluria proper. This will be abundantly proved 
by the catalogues given in the sequel. 

Even though the Caradoc rocks of Shropshire and those of Snowdon were 
for the most part deposited under very different conditions of the sea bed, the 
number of identical spedes is surprising. The argillaceous slates of Wales, the 
volcanic grits, the perpetual alternations of calcareous and felspathic beds with 
sandstone and shale, are conditions as unlike as possiUe to uiose of the con- 
tinuously sandy deposits of Wdchpool and Siluna ; yet with few exceptions 
the fossils are identical. It is true the Caradoc rocks of ndther of these 
regions were deposited under deep water. And as the element of depth is found 
in modem seas to be of more importance than the condition of the sea bottom, 
it is not to be wondered at that there should be a great similarity between the 
two districts. The typical Caradoc is unquestionably a shallow-water deposit. 

It is the same if we descend into the next formation, the Upper Llandeilo 
rocks, now clearly understood to be distinct from and inferior to the Caradoc. 
The originally described limestones of Carmarthenshire and Radnorshire 
contain a peciuiar series, which, difEering as it does both in general aspect and 
specific characters from the fauna of the Bala region, is yet one and the same if 
tne various districts of Llandeilo age be compared one with the other.^ 

Of the Lower Llandeilo (the " Arenig or Skiddaw group '' of Sedgwick) so 
much caimot yet be said. But it is a formation scarcely yet known, and here 
for the first time defined and illustrated so fer as the materials are accessible. 
Yet there is some promise of an identical series, even in such remnants and 
patches as we have been yet able to examine. There is moreover a positive 
identity, as has been partly shown by Sir Roderick Murchison in his Siluria,§ 
between the fossils of the Stiper Stones, and those of the upper Iron-slates of 
Tremadoc, while the cliffs near St. David's Head have yidd^ new but related 
apedes. 

The " Tremadoc slate," though known in but a single district, is so rich in 
conspicuous forms, that we have been able to separate it into two distinct zones ; 

* In reference to the expression of Mr. Salter, " the foBsila of those obocore stnta which lie 
at the base of all," I beg to state that according to the classification of the Geological Sunrqr 
adopted by Sir H. de Ui Beohe and his assoddies in 1S48 the strata thus allnded to are the 
Idogulft ilags of the Lower Silurian rocks. These strata have been rendered anything but 
o6«wr«, particularly threngh the bax>ur8 of Mr. Salter himself. _ ^ ^, 

Deeemoer 9, 1865. SoDKRiCK I. Huschiboh. 

t 1 bare, however, particularly endeavoured to illostrate those MSS. species mentioned in the 
Appendix to Siluiia. 2d ed., so far aa they relate to the Welch district. 

i The distinctness and superposition of the Caradoc to the Llandeilo was never fully proved 
till the publiratiouof the last edition of Siluria, the distinction having been in many cases rather 
a pctrograpbical than a zoological one. But the whole of the Lbmdeilo and Candoc strata of 
'Wales bavuig been examined by the Survey, and the Llandoverjr rocks clearly separated flrom 
both, the saperposition of the Caradoc became manifest in the typical sections. 

S2ded.,18W,pp.4»-«. 

5342. Q 
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and each of these, thanks to the zeal and liberally of two gentlemen, have 
been pretty fully illustrated. To Messrs. Ash and Uomfra^ of Portmadoc our 
yery hearty thanks are due, both for indepaA4ent and onginal work, and for 
their free communication of materials and help when they found I was engaged 
in tracing out the limits of this new formation. Happily we do not need a 
name, for the " Tremadoc slates " were put in their tnie place by Sedgwick in 
the account he gave of these rocks in 1847. The first actual sedion including 
them was the work of a geologist now deeply buried in law books, but whose 
work has always been worth recording, — Mr. £. Davis, formerly of P^resteign.* 
But Mr. Davis did not distinguish the group nor find a fossiL Profrasor 
Sedgwick found two, one of wnich was m>m the Tremadoc, and one firom the 
Lower Llandeilo rocks. The true relations of the beds have only lately been 
cleared up. But their position, with respect to the Lingula flag below and the 
Lower Llandeilo group above was clearly shown in 1851 by Sedgwick. t 

In the lingula sone, wherever it is seen, a perfect uniformity is manifest. 
Afl it ranges round the great nucleus of North Wales (the Merionedishue 
anticlinal of Sedgwick) the characteristic Lingulss and Trilobites are every where 
found. At St. David's in Pembrokeshire the same shells were detected, after 
a careM search, in their right places. And where this old formation shows 
itself in scanty outliers further eastward,^ the characteristic species are still 
present. 

I sludl now, in ascending order, notice the characteristic fossils of the several 
formations. These will give a basis for comparison of our own protozoic fauns 
with the published resulte of other labours. I dare not myself attempt this task 
now ; for though it would be easy to indicate roughly the results of many years' 
thought, they would be worthless without gfiving the evidence. It has, perhaps, 
been too much the custom to give the resultis first and the data afterwards. If 
I were inclined to do this I should have some apology in the fiict, that having 
had for years to work all but single-handed at our palieozoic stores, I have 
been able to do little more than roughly catalogue the whole, and render all 
the species, described or undescribed, accessible to any earnest student. Tlie 
Silurian fossils are arranged in their chief stratigraphical divisions, and in their 
natural history order, but I am afVaid to say how many of the less perfbot forms 
still remain under their generic titles omy. Catalogues made during this 
labour include all the puolished and unpublished forms, and greatly extend 
the range of the known species. I trust these may soon be circulated, as thc^ 
are alr^y prepared for the printer. 

Cambbian (Geol. Survey). 

No fossils have yet been found in the grits and sandstones of the mountain 
district between Harlech and Barmouth. And the numerous exposures of tiiese 
rocks in the neighbourhood of the Bangor slate quarries yielded nothing, to a 
rather close search, except the veiy obscure fossils figured below. 

The only organic remains discovered in the Cambrian rocks of Britain up to 
the year 1856 were the two species of Oldhama, now well known in systematic 
works. They were regarded by their discoverer as more probably Folyzoa than 
Zoophytes, Their aUiance with the former group is strongly questioned by one 
of the best authorities on the subject, Mr. Busk,§ see also p. 281 . 

Since these were found, I have m^elf been fortunate enough to detect 
abundant traces of former life in the highly inclined strata of the Longmynd. 
A reference to the Quarterly Geological Journal for August 1856 and Januai7 
1857j will show the character of these fossils, which are not repeated here, 
because they will be fully figured in Part 2 of this memoir. 

They consist chiefly of impressions, which were once endently the bunows 
of marine worms. Like those of the ordinary ArenicoUe of our coast, th^ had 
both entrance and exit holes, so that the hollows (and the corresponding 
tuberdes which are the casts of these on the lower surfaces of the beds) are 

* See Quart GeoL Joiirn., vol. 2, p. 70. 

t Pfel. Foiis. Woodw. Hub. 1851. ut fasciculiu, sdvertisement. 

t At Pedwardine, near Brampton Bnmn, Bhropi^biro, and in the Malvern HIUb. We have 
figured one or two of the Malvern trilobites in PI. S. 

f In a letter which he allows me to quote. Mr. Busk says, " I can make little of them, eotcept 
" that there is an absence of any characters by which they can be said to belomr to the PolynM. 

... I am incUned to regard them as ooralUnes. something perhaps after the type of Ace^ 
Z '^"^*^' **** ^.■* *^® apPfMfmce of the cast seems to In&cate, the rays of the frond were 
•• Si?aSdSrt^^^Po]&«!!L'^°^^ much in favour of their being vegetable, and de- 




bIwkji in pMH. A nfattiM to the mull light hand Agaif bdcnr nil ezphin 
this anusaoml^ wUdi ia veiT constuit. (Woodcut 'J.) 

Theae hollows occur in mieb multitudes, and Uuouab to great an eiftoit in 
the strata of the Longmfnd (a full mile in rertical thiuocBj), u to impress ua 
vith the belief that annehde life was reiy abundant in Cambrian tintea. 

Immediately after I bad found them, my friend Dr. Kinah&n aearcbed 
rigoTDuilj the well exposed rocka of Bny Head, and found even more con- 
dosive eridence, whicn he has published in the prooadtpga of the Geo], Soc. 
of Dublin for 1S57 and 1S6S. lie found the meandering buirows of the worma 
theniaelt'es, the conical mound apd its central aperture striated by the more- 
menta of the worm ; in some cases the burrow nu of a coiled form, in others 
Tertical, or oblique, or homoatal, in the ancient " silt." 

I hare referred to these fosfil-prints beyond the district now described, 
because the» can be no doubt thAt a like careful search in the finer strata of the 
Barmouth district would yield some or all gf these markingB. The fine-gmned 
aaadstone of Moel-y-d near Bangor, where I found the Bpecimen here figured, 
is also wdl worth search, and an eameat and hopeful examination will often 
delect marhinga that escape us when we have reason to believe the field 

Fortiffm Camhiant. — A moat inteieating discovei; has of late been made in 
Bohemia in this formaticHi. 

TheETACE B. or AacMcroduof Hr. Bamnde had been aayet quite ntwleeted, 
as oar own barren Cambrians were in former days. But Dr. Antonio Fritsch, 
keeper of the Geolosical and Foaail collectionB in the Royal Bohemian muaeum, 
Pnone, having made special research tai Cambrian fossila in this formation, 
has Deen rewarded by discorering ( 1861 ), in thin alabs of sandstone, marks wfaicb 
can hardly be distinguished &om our own Longmynd foasilB. The same double 
fanrrowa, the aame vertieal tubes on the edges of the slabs, testify to the eiisteuce 
at annahdaa in Ute fine sediment of these most ancient aea shores. 

The progiess of research will bring these, and probably other forms, to light 
m other eoimtries, in the Uuronian rocks of Canada — for instance. 

That the long cylindrical and tortuous bodies found in the older rooks are 
not the remaiaa of aeaweeds is certain from their form and structure, since by 
no eoncavablc process could sand or sandy silt be made to replace accurnlelg 
a soft cellular mass. The late Professor Forbes was disposed to refer many of 
tfaem to Aleftmariaii zoophytes ; but this explaaatiou is unnecessary, since 
we luKnr of no nonains of Jicyonaria in old rocks. Everr requirement of the 
foa^ U met by the aupposition that we see the excreta of the worm a* it bored 
its way throngh silt and sand, canying the material of one bed into that of the 
next, and tluttding them togetherinto a toughand party mass.* The bunova 
are nearly always of a coarser texture and a lighter colour than the m a tr i t . 

Fig. 1. fig. 2. 



«. 8iirbc« of bed. with the doable bioTan oraUDi 
lid». Trom the S«iper 8lon«, lod other Slluni 
njcki. The soifcoe «1» reprMmU. on a Uf^ 
tale, the naiAt on the stnU in tlK Longmjlkd. 
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As the list of Cambrian foBsila for Britun is so very Bcantr, I mil liere 
enumerate them all. They have lately been reviewed in the Geological 
Magazine by Mr. Buly, of the Irish Geological Survey. 



Name and Beference. 



Locality. 



Plants. 

1. Oldhamia antiqua, Forbes. Journal Geol. 

Soc. Dublin, 1848; Siluiia, 2d. ed., p. 28, 
fig. 2, Kinahan, TVans. Roy. Irish Acad., 
vol. 23, p. 557, figure 5. — var. discreta 
(O. discreta), ib. p. 556, Plate 26. f. 1-^. 

2. 0. radiata, Forbes, ibid., 1848, Kinahan, 

I.C., p. 557, figures 3-6, 8-10. PUte 
26. f. 4 5. 
O. sp. ? Plate 26, f. 6, 7. 

Annblidbs. 

3. ArenicoUtes didymuSj Salter. Quart. GeoL 

Journal, vol. xii., pi. 4, fig. 1 (1856). 

4. A sparsus, ibid. Quart. Geol. Journal, voL 

xiii., pi. 5, fig. 2. 

5. Histioderma hibemicum, Kinahan. Joum. 

Geol. Soc. Dublin, 1858, pi. 6. 

6. Haughtonia p<£cila, id., in the Nat. Hist. 

Beviewand Quart. Joum. Science, July 
1859. 

7. ScoUtes (vermicular burrows), Kinahan. 

Joum. Geol. Soc. Dublin, 1857, pi* 1, 
1858, pi. 7; Salter, 1856, description 
and figure supra. Woodcut, f. 1. 

Crubtacba. 

8. PaUtopyge Ramsayi, Salter, Quart. Geol. 

Joum., vol. xii., 1856, pi. 4, fig. 3. 



Carrick McBeilly mountam, 
Wicklow ; Bray Head, Wick- 
low. 



Ditto. 



Ditto. 



ditto. 



ditto. 



Longmynd, 
Sizetton. 
Ditto. 



near Church 



Bray Head, Wicklow. 
Bray Head, Wicklow. 

Wicklow ; Bangor ; Longmynd, 



Callow Hill, Longmynd. 



I do not very strenuously maintain this last fossil to be a tiilobite ; but it is 
other a caudal shield of one, or else a broad body segment of a phyllopod 
allied to Hymenoearis, I feel persuaded of its beinff a crustacean, and hope 
to have further evidence when the description of the Longmynd district shall be 
wady.* 

LiKGULA Flags. 

Above the Cambrian grits near Bangor, which contain the tracks of worms 
mentioned in the last pages ; dark coloured slates, with much iron, forming the 
lower band of the Lingula flags, have as yet proved barren of organic remains ; 
while the thick sand^nes which overlie them are rich in the characteristic 
Lingula (or rather Lingulellat) of the formation. 

But in the corresponding beds of iron-stained slate, intercalated with sand- 
stones, which wrap round the Merionethshire Cambrian rocks, there are abund- 
ant trilobites, chiefly of small size ; and the more sandy strata that succeed (the 
equivalents, accordmg to Professor Ramsay, of the Lingula sandstones of the 
Bangor district) are rich in this peculiar shell, and moreover contain two or 
three perfect forms of Crustacea of a primordial type. These were described 
some time ago, in the decades of the Survey, and in a communication read by 
myself to the British Association at Belfeust so far back as 1852. Th^ were 

rows. For a notice of the extensive part played by worms in the Falieoioic rocks, 9ee Quart. 
Grol. Joum.. vol. xiii., P- 205 ; also vol. xvi^ p. 222. In some obsonrations made a tew yean 
back on the sea coast of TcnikrokcBhire, I found that rocks much permeated by these burrows 
were touirherp and rcsbited the iftcor of the sea better than many others. 

* This has been eiToneously attributed, by Mr. 6. E. Boberts, in the January number of the 
Geological Mai^ne, to Ceratiocaris, and I believe all the iMUance of evidence inclines to the 
view that it may be an abnormal trilobitc. But if possibly a phyllopod, it is certainly not a 
Cbni^ioeari*. (Jan. 1865.-J.W.8.) 

t It has been found neoessanr to institute a new i^nus for this fossil. It partakes ahnoat as 
much of the character of Oboios as it docs of Lingula. Mr. Woodwvd lint pointed out its 
chief chancter ; and I will describe it in the sequel. 
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found br the officers and collectors of the Survey, and have since been largelj 
oollected bj Messrs. Ash and Homfray, of Portmadoc. 

But the researches of Barrande, especially among the lower groups of the 
Silurian system, had meanwhile invested these few organisms with a double 
interest. In a visit paid to this country in 1851, for the express purpose of 
eompaiing his rich materials with oar published and unpublished types, he 
leoognized the " lingula flag " of Sedgwick as the exact equivalent of his 
primordial stratum {Etage C.) ; and he has since, in many separate memoirs, 
successfully carried out this comparison, not only for Britain but for the 
European and American Continents. 

To him therefore belongs the whole credit of originating the term, and 
defining the fossil characteristics of this " primordial zone," a group of rocks 
which grows in distinctness and geological importance day by day. Of its 
forei|^ equivalents a word or two only can be said further on. 

His discovery was admitted folly, and adopted by the Survey, so soon as a 
re-examination of the typical district had been made. The evidence, as it stood 
in our catalogues, did not, at the time M. Barrande announced his belief, 
warrant us in coming to the conclusion that this zone was perfectly distinguish- 
able by its organic remains. The fossil species had scarcely been collected in 
Britain : the upper members of the formation, the most important, as will be 
seen, for the fossil evidence, had not been recognized as distinct from the over- 
lying formations of black slate, then supposed, and with great probability, to be 
inseparable from the ordinary Lower Silurian groups. And lastly, there seemed 
to be no good reason for supposing the black slates of Malvern with Olenus 
to be so much older than the rocks which overlay them, though this point was 
essen^ to M. Barrande's supposition.* 

As the small collections made during the progress of the Survey did not 
warrant the immediate application of M. de Barrande's views to the British 
Islands, and as certain anomalies presented themselves, (the few genera we had 
then obtained were not all of a primordial typC; — see Brit. Assoc. Reports, l.c., 
p. 58,) I was directed by Sir H. De la Beche to re-examine a portion of the 
tdngula flag series, with special regard to the fossil succession. I found that 
the group was divisible into three distinct zones, two in the lower, and one in 
the upper division. The following is the ascending order : — 




Lower 
Ungula^^ 
flags. 



Upper 

lingula '< 

flags. 



1. A lower series of black slates, pyri- 

tous, with many beds of inter- 
caUted sandstone near the base. 
Maentwrog Waterfall, &c., &c. 

2. A middle thick sandy series, the 

typical 'lingula flag' of Tre- 
madoc, Ffestiniog, Dolgelly, &c. 
Camedd Ffiliast, Bangor. 

3. An upper black slate, with hard 

pyritous bands, especiallv at the 
oase, thickly crowded with fossils. 
Tremadoc, Maentwrog, and W. 
of Ffestiniog. 
(The species are figured on plates 1-5.) 
These beds passed up into a series 
of dark shales with iron beds, the 
equivalent of the hMe of the great 
igneous series of Merionethshire ; 
and in these occurred genera 
which might be compared with 
the Llandeilo period. PI. 6-10. 



Agnostus princeps, Olenus 
cataractes, lAnguleUa 
Davisii, 

Olenus micrurus, HymenO' 
cans, lAngvlella Davisii 
in great abundance. Cm- 
ziana semiplicata, 

Olenus alatus, O. scaraba- 
aides, Agnostus princafs, 
several bp. of Conocepha* 
lus, EUipsocephalus ? t 
Orthis lenticularis, Dicty' 
onema? socials, 

(The list of fossils has now 
been rendered more ex- 
tensive, see p. 249, and 
the formation named 
'" Tremadoc slates "), 
pp. 250-53. 



• See Yds Note •'Sw rExtension de Faune Prim *' Bull. Soc. Geol. Pr., 2nd scr.. vol. xiv., 489. 

t ThfB w»8 a looM fragment, and came from higher beds. The species had lost ite chanioter- 
isfcic head, and now proves frtrai better specimens to bo a subgenus of ConoceptuOus, or rather 
CbnoconrpA^i a* the genus must now be called. 
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These fossil data, limited as they were by the scanty time at our disposal 
and the want of collectors, were sumcient to remove the diffioulties felt before as 
to the supposed admixture of types respectively characteristic of the primordial 
and LlandeUo faunas (Etages C. and D. of M. Banttnde). 

The new view was then at once adopted by the officers of the Surveyi thoug^h 
from the complicated nature of the ground, and the doubt felt as to the public 
utility of drawing Aresh lines of demarcation, it was not thought advisable to 




He there distinctly announced the division of this group into an upper and lower, 
as the result of the search made by me in 1 853.* (Siluria, 2d ed., p. 47.) 

The appointment of Professor Forbes, in 1854, to the Edinburgh University 
chair, ana the pressure of many duties thrown upon my inexperience since that 
time, have prevented my doing much more than watch with interest the deve- 
lopment of this important ftkuna in America and elsewhere. In 1860 I obtained 
leave to revisit North Wales, as there were still some points unsolved As to the 
passage of the group into the Llandeilo rocks above ; and the former trial had 
led me to expect a rich harvest of new species. I had, for part of the tirne^ 
the hearty eager assistance of the gentlemen above mentioned, Messrs. Homfray 
and Ash, and the services of our chief collector, Mr. R. Gtbbs. When I had 
made out the succession and planted the collector, I traced the three subdi- 
visions westward to Criccieth t and eastward to Ffestiniog, and found abundant 
organic remains, especially in the upper subdivision. 

This upper subdivision, a black slate, rests somewhat abruptly on the lower 
and more sandjr strata of the Lingula flagstones, but passes up insensibly into 
a formation which I shall next describe — ^the Lower Tremadoc slate. It is idmost 
impossible to draw a boundary which shall define the upper mar^n of this 
bhMsk slate, which in its best development is about 250 or 300 feet thick. 

A line taken at that elevation above the Lin^pila Sandstones will be found 
to tally with a zone occu^d by a peculiar net-hke fossil, described on p. 331 
as Dictyonema Bociale. This abundant fossil marks an important boundary 
between what I must consider the primordial zone, and the base of the over- 
lying Lower Silurian formations. As Dictyonema sociale is occasionally found 
in toe black slates beneath this horizon, and never above it, whUe its nearest 
ally is a primordial fossil in Sweden, I include it in these lists as the upper- 
most zone of the " Lingula flags.'' 

We may now therefore proceed to give a catalogue, with a few notes appended, 
of the Lingula flag fossils, so far as yet known, dividing them into an upper 
and a lower zone.* 

Lower LiNctiLA Flags. 

[L Black slate and sandstone with ash-beds, followed by (II.) a thick series 
of quartzose and ashy (Lingula) flags. Foreign equivalent. — Alum slates of 
Sweden and Norway.] 



Name and Bfeferenco. 



KoKTH Wai£S. 

Baneor, Tremadoo and 
Dolgelly Districts. 



Sours Walbb, 

and other 

British 

Localities. 



Foreii^ 
Localities. 



Akitelida. 
ScoiUetA Worm burrows. 
P1.4,flg.l8; pl.3, fig.4. 

SdmMdhiieStl Worm tracks. 
Scolecodenna ^Uihercvflatat n. 

sp. PL 6, fig. S4. 
Orwimta wemmUeata, Salter 

(186S). Pl.tf.l-«. 



Camedd Ffiliast, S.£. of Ban- 
gor ; S. of Maentwrog and 
Ffestiniog, on sandstones. 
Do. 

Borthwen, Tremadoc. 

Camedd Pfiliasi. Bangor; W. 
of Tremadoc; Maentwrog. 



Beneath the 
Stiper stones 
(or an allied 
species) (ISflS) 



* In a recent memoir devoted to a rerlew of the status of the primordial sone. H. Barrande 
suggests this dlTision of the series fbr America^ as it has also been indicated In Sweden by 
MTAngelin. 

t The best section to show in a small space the entire sucoession of the Lingula flags is tbat 
of Y-Oraig-ddu, a promontory a few miles £. of Criccieth. A plaited, broken, and fkulted arch 
of the black Lower Lingula beds, is there surmounted on either side and over its north end by 
a 2one of hard Lhigula flags, and these on their western side by the entire suoceiston of the 
Upper Lingula flags. Tremadoc slate, Ac. 

I Deacrlptlons of tlio species will be found with the plates further on. 

f Quart. Qeol. Journal, vol. xiU., p. 205. || See Descriptions, p. 203. 



r 



LOWSH LUroULA TLAOH. 



Btmeaotarit verm 

uidtndu, PL1. 

MicmiiKnt* Bwvtattu, Baiter, 

SimrL OaoL Jourm Td. u., 

PL !,flg».B,fl. 

tXtmu fotaraettt, n.ip. PL 

VanStttdti BicktU (frtrdf 
■• " tw. PL *, 



NinniWAi.n. 



BoDTH VUK 



Dolgellj KsUicU. 



Borth, ^. or Portmadaei 
DoltreUr. CMTttTTOn f 

HaentviVK nterfkU. and 
other plaeei near Fftitinuig. 

B. of Uaentwrog - 



irth 1 1h«iiiado& Ap. 
Haentwroff nlcHUL TreflTi, 

B. orCiiccieth. 
lioaliti nncerUbi, Tremtdoc 

orDDlgellj. 

N.ofDolncllr - - 

S. of SfaentwroB ■ 

Cimcdd Piliut, Bugori 
Murcblljn-JUvT.LIuibcTla -. 
TmiudDC! FlMUniOR 1 DdI- 
Eelly; (sveiTwhere ju the 
niidale haiiilor the Liniuls 
Au^l nre in th« lower buck 



^M 

(KleruU). 



Panuloxidi* Oandu. Baiter. 

QiBTt. GooL Joom, ToLii, 
jL IJ. t l-a. 
ira/onpikaliiu, new ip. lor 

RDiu^ M Saller.QiHrtOeol. 

lAivKltlla tLaoiila) Darisit, 
H'Coj- Ks, fltn- T-lt; 

&«, Or- 1*. (i. mrato. 
C^, b nid to be IVDm 
PfHtmioe. probably tbb 
■peoea i* iDtended.) 

i/cOa Aqiif, D.<v. Wood- 

T^dro et/wd, n. ip. Toad- Hwntaroc iraterMl and 
— '■' - •■* TaTkni HeHfr. 

A few notes on the above Ikt may be neceasa^. And first of the woim 
tncks and bnrrowa. These eveT-Tecuiring markings are (wnspicuonB in beds 
which otherwiBe ^hov no traces of organic bodies. In the fine section of the 
lowert LinKula flags, seen to odvanl^e along the course of the Maentwrog 
rii-er, all the lower beds of the fonnation, viz., ihin beds of iron-stained nn£ 
stone and manj of the sl»tj schists also, are permeated hj them. These beds 
are often Reeled br an imperfect cleavage, wnich does not actnallj^ split them, 
bat pUuts the sarnces in a remarkable way, such as maj be easily mistaken 
for oTg«nic remain*. Over these lai^ plaits the worm tracks are veiy con- 
spicuous. When running with the plaits thej are magnified by them ; when 
across they are broken np by them, something in the way inoicated in this 
woodcut. 

Hff.S. 
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These surface markings may be properly called by the term Hdminthites, 
while the solid filled-up burrows, represented in Plate 3, and Plate 4, f. 13, are 
distinguished by the name of Scolites, terms which were proposed by myself 
in 1 857 as convenient definitions of very common phenomena. In the same 
way I now propose the term Scolecoderma for those cases where the membranous 
or slimy tuoe of the worm itself is preserved; and this may easily be recognized, 
since in these cases the tube is &iwavs pressed fiat. Such are common in aU 
rocks, and need some recognition. But except in marked instances where surface 
ornament is preserved, I think it would be mischievous to ^ve specific names. 

I believe, for reasons given in ihe descriptions, that Cruztana is the filled -up 
burrow of a marine worm. Pi. 1, is believed to represent the tracks of the 
peculiar and veiy abundart phyilopod crustacean which I have called Hymeiuh 
cans from its evidently very thin texture. These tracks are not uncommon 
on the sandy surfaces of the middle (or nuartzose) bands of the Lingula flags. 
Especially are they abundant in the neigt'bourhood of Pentrefelen, or between 
that place and Wem on the Criccieth road. In a small quarry nearly opposite 
Wem Gate, these tracks occur, and the same quarry is one of the best localities 
for the Hymenocaris itself. The fine specimen, from which we figure afresh the 
caudal appendages, is from thence. 

This locality is near the top of the Lingula flags, properly so called, and it 
is in the thin ripple-marked micaceous flags of this part of the series that the 
g^test number of fossils occur. The beds are largely rippled, and in the 
ripple hollows patches of drifted sand and broken Lingule occur, showing 
the action of the tide or superficial ciurents on these old sandbanks, for such 
they certainly were. The annelide markings cross them in all directions, and 
the frequent sharp indentations, made, as I believe, by the tail-prongs of 
Hymenocaris, help to keep up the idea of a shallow sandy bottom, thickly 
covered with living animals. The Lingulella is most abundant in these upper 
beds, in some loca£ties so close that you cannot lay a finger between the shells, 
but in others more scattered. 

Trilobites are fieur from common in the Lingula flags itself ; but in certain beds 
of the lower Lingula slates, which are full of iron, and contain some volcanic 
ash, the Agnostus princeps occurs in millions, together with an Olenus, of a 
species wfich I £(nd to be distinct from any yet described. At Pen-y-foel 
mountain, which overhangs the Velyn Rhyd fall, they ai'e better seen than in any 
of the numerous neighbouring localities which yield them. Here the whole 
hill seems to be made up of pressed and altered iron slate, full of the distorted 
specimens of these little trilobites. Hardly a hand specimen but has many of 
them. I have represented a slab in its natural state m PI. 4, f. 11, and a more 
perfect specimen is given by its side. There was some doubt if it were the same 
species which is so common in the alum slates of Sweden, and I now find it 
has distinct characters. Here, as there, the Agnostus is accompanied by a species 
of Olenus, a true primordial fossil. 

As showing how rich this old fauna may be expected to prove, I may here 
mention that the Oleni of the lower black slates, those of the Lingula flag itself, 
and those of the upper black slates, are all distinct. The exact place of the 
Paradoxides is now known : it occurs a hundred feet or more above the base 
of the black slates, and has been detected both at Dolgelly and in South Wales 
(Quart. Geol. Joum., vol. xix. p. 275). 

Hymenocaris appears to be a fEtr more plentiful fossil than at first sup- 
posed. It evidently affected sandy shallows rather than a deeper and muday 
sea-bottom. In the fine slatv layers which form the capping of the Lower 
Lingula flags* it is most abundant, and generally in a good state of preservation. 
The coarser grits and sandstone which form the high grounds west and south- 
west of Tremadoc have not yielded any specimens ; out wherever the finer upper 
layers occur, both Hymenocaris and the Lingulae occur in plenty. In the cove 
of Borth, near Portmadoc, and at Wem, near Penmorf^, it is found perfect 
(PL 1, 2.) Messrs. Ash and Homfray have perfect specimens. 

The only <«hell, excepting Discina and Lingula, which is known to occur in 
our N. We'ch Lower Lingula flags, is a large species of 77*eca. It is imper- 



* Grey sUty beds coramence and terminate the series of Lingula flag sandstones ; in sereral 
localities as a passaire into or from tlio black slate beds. They are sparingly fossUiforoos (chiefly 
containing Otetn) below the sandstones, but nUed to repletion with l^iunUtB at tho top. The 
(Heni may be well seen in the grey slaty layers along the estuary at Aber-ia» opposite Port itadoc. 
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feci, but is fignrcd and described in p. 352. More perfect specimens have since 
occurred S. of Maentwrog.* The ^enus occurs on the same horizon in other 
countries. There are several Bracmopod shells in South Wales (St. David's). 

The range and persistence of the lAngvia (or rather Lmgulella) is remarkable ; 
it is found evei^here in quantity throughout the Tremadoc countiy, and the 
vale of Ffestintoffy and through the wild mooiy ground as for east as Llyn 
Dywarchen, where it was detected by Professor Ramsav ; and I found it there 
in plenty in 1853^ and at Pont Nant-y-Lladron on tne Bala road. East of 
that line the hard Lingula flags do not occur, but foUowed to the south-west 
and south it has been found oy the surveyors everywhere to hold the same 
horizon, that is to sav, in the middle or quartzose series of the Lingula flags. 
I have myself found the Lingulella near the base, in company with trilobites, 
near the Maentwro^ waterfall as above noticed, but it was small and ill 
developed there, as it is also in the beds which overlie these Lingula strata. 
Yet, strange to say, it reappears in the upper portions of the next or overlying 
formation, of nearly its full size and character. This will be more speraaUy 
noticed in speaking of the Tremadoc slates. 

Tlie distant locality of Whitesand Bay, St. David's, shows that its range 
soutiiward is considerable. Its discovery there and inland by Mr. Aveline and 
Mr. Gibbs confirmed the conclusion alreadv drawn on physical grounds that 
the whole succession of the lower beds might be traced m that h^land ; and 
later research by myself and Mr. H. Hicks have largely added to the lists. 



Uppbb Lingula Flags. 

Black shale, with pyritous bands, and some ashv beds. 

So soon as we rise into the overlying black slates or Upper Lingula flags 
the fossils suddenly augment in number and variety. The following is the 
list, and I have induded the Malvern species. 



Name and Referenoe 



Oiemu aUOus, BoBCk. PI. ^ fig. 



(O. hi9uleattUj FhiU. Mem. Geo. 
Snnr. ; vol. h., pt. 1, p. S5). 

O. 9earabmoide9, Wahl. Fl. 4, 

a ;■.!-&. (O.jpinttlotawf PhiU. 
em. G«o. Surr., toL ii., pt. 1, 
paseW). 
O.JUtgOlifer, Angelin? Fl. 6. flgs. 

Gtm^» sp. PI. 6, flga. 10, 11, 12. 

OL mrrahut, n. sp. Fl. 6, fig*. 6^ 
7. 

CXemcf humHU, PhiU. Hem. Geo. 

Surr., vol. 8. pt. 1, pi. 66. 
ComKornM (Conoeephalut) •»- 

oftto, &ilter, Siluria, 2nd ed., p. 

47. fow. 7., pL 4, figs. 6-7.. pi. 

7.1Jg.5. „ 

Gmoeorpf^ abdUOt n. ip. FL 6, 

fig. lit. 
Ocmoeorypke (EaipMcqahalug) 

dtpre99a, Salter, 8iluii% 2ad 

ed!,p.«7.f.2. 
QmaDoryphe, sp., PI. 5. figs. 14, 15 

QmoeanfP^f sp^ ^^t H$' ^^ 

Comoeoruphe? sp^iD., fig.l7 - 

Dikeloeqpkahu ? (or CetUropleura) 
. ceUicuB, n. fcp. PI. 6, figs. 21. 
22. 



NoBTH Waxss Distbicts. 
Tremadoc. 



South Walbs, 

and 
other Districts. 



Foreign 
Localises. 



Rare. B. of Haentvrog - 

F^morte Church, W. of 
Tremadoc; Carreg-wcn, 
W. of Fortmadoc. 



Oarreg-wen, S.W.of Fort- 
madoc. 



Carrcg-wen 



Garreg-wen. 
Oarr^-wen- 



Fenmorfa Church - 

Ogof-ddu, Criocieth. 
Wem, Tremadoc. 

Ogof-ddu, Criocieth. 
C^f-ddn, Criccieth. 
Penmorte Church. 
Ogof-ddu, Criocieth 



St. David's 
Head. 



Malvems, 

White-leaded 

Oak. 
White -leayed 

Oak, Malvern 

hills. 



Malvonis (as 
above). 



Sweden, in 
alum slates. 



Sweden, in 
alum slates. 



Sweden, alum 
slates. 

O. 9pinula8us, 
Sweden, is a 
dose ally. 



[C. Emmeriekiit 
Barr^ from 
Bohemia, is 
closely aliied.3 



CtmittopltuTa . 
. . . AngeUn, 
Sweden, close- 
ly allied. 



* Found in company with new Trilobites lately by Mr. D. HomAray. 

t The x«aaons for adopting this name wiU be gheo in the deMriptioD of the plates. 
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Kame and Referonoe. 



NOBTH WaLBSDIBTKICT B. 

Tremadoc. 



South Walbb, 

and 
other BifltrictB. 



Foreign 
LoealineB. 



D.T?diseoidalis»n.KV- Fl.S.flgs. 
18,19. 



D.f? sp. ' 

Aanostua princepa, »«. < 
figs. 2, 11; P1.6,flg.l. 



-P1.5.,flg.20 
n. sp. PI. 4t, 



IHctponema socidU, Salter. PI. 4, 
fiff.l. 
(In uppermoBt liters only.) 



LinffuMlalspis,n.Bp, Woodcut, 
11, p. . _ 

Daffisii, M'Coy, PI. 2, 

f. 7-12. 

OrOus lenticularU, Dalm. PL 4, 
Iig8. 8. 9, 10. 



Ogof-ddu, Criocieth 



Do. 

Penmorfa Church; Ogof- 
ddu, Criccieth ; Carreg- 
wen,Borth; Portmadoc. 

GeUi-fwyog, Pfestiniog ; 
Bailroad above Plas 
Oakley; Borth wood« 
Portmadoc; W. side of 
Moel-y-gest. 

Borth ; Cefh-cyfkmedd ; 
W. side of Moel-y-gest. 



Penmorfk Church; Ogof- 
ddu. 



Malvems; St. 
David's (In 
the Tremadoc 
slate). 

Podwardine, 
near Bramp- 
ton Bryan. 



DikdlocJttlami' 

yhMu3iUiu9i 
Quebec, very 
nearly allied. 
Do. do. 

J, exscviptuit 
Aug. is closely 
allied. Alum 
slate, Sweden. 

D. flabdlifor- 
mU, Eiusia 
and Bveden; 
a close ally. 



Sweden; abun- 
dant. 



The Dictyonema occurs rather above the level of the black slate. But the 
last fossil (Orthis) is found in the greatest profusion at the very base of the 
black slates, exactly where tbey repose upon the quartzose layers filled with 
LinguUs, In the roadside brook, a few yards beyond Penmorfa Church, I 
found them in 1853, and again, in 1860, obtained slabs of this gregarious 
species. As the bed lies just at the base of the wall, and a fault occurs close 
by, it may very easily be overlooked. A better locality is the cliff of Ogof-ddu 
near Criccieth, where, on the west side of the jutting promontorv of Craig-ddu 
a complete section (from the lAngula flags to the upper Tremadoc slates) may 
be obtained. Here, at the junction of the black slate with the Lingula flag, 
the same Orthis occurs in myriads, the fossils standing out in bright orange 
colour (peroxide of iron) from the dark pyritous slate. This locality is one of 
the most easily worked and the most prolific of all the Upper Lingula flag 
localities. The above list will show that several of the forms nave only yet been 
detected there — Conocorypke, Dikelocephalus^ &c. Orthis Imticularis and the 
Agnostus are there in millions. 

A very good fossil locality is to be found on the farm of Carreg-wen, half a 
mile west of the village of Boith. From this spot nearly all the species of 
Olenus were obtained, and large specimens of Agnostus princeps, which is our 
English representative of the very abundant A. pisiformis ox Sweden. This 
again is one of the few points where a true section from the fossiliferous Lingula 
flag to the Tremadoc series can be traced, for east and west of it the ground is 
much faulted. 

Although the black slate can be traced all round the outcrop of the true 
Lingula fla^s, fossils have only been detected in a few places ; but this, I am 
persuaded, is only for want of searching, and more pleasant and profitable 
ground to work 1 do not know in the British Islands. 

Above this formation Ues a ^up of beds to which very little attention has 
been paid, but to which, in his careful Survey of Wales, Professor Sedgwick 
has given the name of Tremadoc Slate. He obtained but a single fossil from 
its upper member only, nor could we then estimate the full importance of this 
OTOup, which overlies the Lingula flag and distinctly passes under the Lower 
Silurian rocks. 

Tbbmadoc Slates. 

The formation which immediately succeeds the black Lingula slaiefl, has 
been already traced as to its course in the preceding memoir. But a few words 
must be sud about this band, which so intimately connects the Lingula flags 
with the ordinary Silurian rocks, and which is nevertheless so distinct as to its 
fossil characters from either. 

If we were to judge hj mineral character alone, we should undoubtedly draw 
the chief line of separation above the hard arenaceous Lingula flags, where the 
peculiar bivalves oharacteristio of that formation become scarce enough. Yet 
the zoological ohango does not take place here, fur with the recurrence of the 
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black band last described tbe characteristic genera of the primordial sone 
return, unmixed with those of true Lower Silurian character. 

The black slates do not terminate abruptly, but ffraduallylose their deep 
tint, and become grey about the horizon of the flags which contun the 
Dietyonema* This character continues and increases upwards through the 
beds whidi contain the following fauna. The beds are also harder, contain 
flaggy layers here and there, but are not at all coarser, nor otherwise much 
different from those of the black slate series, except in colour and fossil contents. 

The characters of the formation may, as before said, be seen in the sea cliffs of 
Ogof-ddu near Criccieth, where the harder grey T^madoc slate, with many 
lines of ashy material, is easily seen to overlie and pass down into the black 
slate, fiill of fossil remains. But here the newer rock is very barren of fossils, 
and we must refer to the opposite side of the anticlinal axis, and examine the 
sections near Moel-y-gest, and other places in the Tremadoc district, in order to 
find the fossiliferous zones. 

Lower Tremadoc Slate. 

The best localities yet known for fossils are the following : — 1. Borthwood, 
and the meadow slopes on the north side of it, towards we foot of Moel-y- 
gest, where trilobites and shells are abundant. This mass of rock is.let in by 
extensive faults among the Lingula flags of the neighbourhood, but the escarp- 
ment, small as it is, shows an excellent section upwards from the black slate^ 
full of fossils, through the Dictyonema beds, to the shell and trilobite beds 
which coyer the top of the hill, and run down its sloping surface to the north. 

[On the bye roaos that run from Portmadoc to Treflys and the neighbourhood^ 
the grey, often flaggy, but generally dark shaly and thin-bedded Tremadoc 
slates, and the lighter coloured and harder beds of Lingula flags may be easily 
compared ; for they lie close together, and it is not always easy to oraw a line 
between them, the lines of fault bringing them close together without the inter- 
vention of the black slate, yet the fossils are totally distinct.] 

2. At the village of Penmorfa the same beds are seen, and are richly 
fossiliferous. They are dark and earthy, yet not black, or highly pyritous as 
the upper Lingula flags are, and may be easily followed from a little above the 
village church along the hill side to the new railway (for slates) from Hendre- 
ddu, Brynkir. There a considerable thickness of the lower Tremadoc slates 
oomes into view, and the passage downward to the black slate is not obscure. 
Above, the section is cut off by faults. 

3. A considerable tract of ground running along the west flank of Moel-y-gest 
exhibits these rocks, but as yet only the lower or intermediate {Dictyonema) 
layers are known to contain fossils. These are plentifully seen at the farm of 
Cefii Cyfftmedd, and in the walls at Mr. Matthew's seat, V-Wem. 

4. They are seen underlying' the upper Tremadoc beds on the west side of 
Portmadoc Harbour; ana at the rock called Trwyn-Cae-Iago, east of Borth, 
contain the Psilocephalus innotatus 

5. East of the estuary, the new road cuttings on the beautiful demesne of 
Aber-ia reveal fine sections of these beds, which are again conspicuous in the 
grounds of Castle Deudraeth, and may be traced further east through the rough 
district skirting the Maentwrog road. They are seen in good sections about 
the village of Deudraeth, where they are quarried for buildings, and contain the 
characteristic fossils. They keep the course of the Maentwrog road as fiur as 
the turnpike gate, and may thence be followed through the wood and along the 
course of the raQway above Plas Oakley. Above Maentwrog Inn they may also be 
foUowed for a while, but their character gradually changes to that of a felspathic 
slate, in whidi condition they continue ill the way to Ffestiniog. And a little 
before reaching that village they may be found (at Gelli-fWyog) with the 
characteristic Dictyonema at the base, all but joining the Lingula flags, a very 
thin band only of the black slate (and that somewhat altmd in character) 
being interposed. 

6. But little is known of their east course, but the abundance of the small 
lAngulella Upis in dark earthy slate quarries on the BaJa road beyond Pont 
Nant-y-lladron, in immediate superposition to the Lingula beds, in()icates the 

* About 160 feel above the black slate (D. Uomflray). I think this, however, la miher too 
hi^ an eatiiiiatc. 
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presence there of the Lower Tremadoc group. They should be sought for olong 
this line, and further southward by j)olffdly. I think I saw them at Cader 
Idris in 1865, when examining the gold district. 



Uppbr Tremadoc Slats. 

The beds into which the dark grey earthy slates last mentioned pass up 
are not easy to distinguish from the Ling ala flag. But they are lighter oolourec^ 
often pale grey, and of a flinty texture, occasionally intercalated with ashy 
layers. Near the top, hard beds of grey sandstone come in, immediately beneath 
which are the ])rincipal beds of fossils, though there are several other fossili- 
ferous lines througnout. Without entering into details of the beds, the 
following sketch may be given of the distribution of the fossils through the 
various parts of the Tremadoc series. In descending order they are as follows, — 



Fonniitioii. 



LocaUties. 



Aemarks. 



Llak 

DBILO 

Bocks 



:{ 



LOWXB 

Llav- 

DEIIX), 

MuTch. < 
(Abbmio 
Oboup. 
Sedgw.) 



Upfbb 
Tbb- 

MAIXK? 
8LATB8. 



16. Ashbedi . . . 
14 Ashy slate - - . 

18. Clue-black fine slate 

12. Thin lajcrs of black unon- 
stamea slates lying on 



11. Thick srits, with some 
folspatmc beds near the 
base. 



10. Hard bluish flags 



LOWBB 

Tbx- 

VADOC. 



TJPFBB 

Ln- 

eULA 

Flags. 



9. Soft thin-bedded sandy 
shales. 



8. Hard bluish flat-bedded 
slate, alternating with 
many beds of similsr 
slate; but with a " pencil '* 
cleavage and with some 
flaggy layers. 

7. a*?Tliick ash bed - 
Pisolitic f r)n ore.* 

e. Hard tough beds in a thick 
series, quarried for build- 
ing stone at 

6. Pencil rotchy slate, black, a 
thick series. 

4. Hard blue rock, bometimes 
almost massiye (and with 
beds and layers of pisolitic 
iron here and there * * ? ) ; 
lines of felspathio ash 
frequent. 

3. Thick series of iron-stained 
dark slates passing down 
into black uate below. 



8. Tough bluish bedfl^ only 
developed locally. 

1. Black s^ate, about iOO ftot 
thick. 



' 



Llanfrotben 
Ty-ohry - 
Tan-Yr-AUt 

Ty«obry - 



Garth Hill, Fenrhyn; Tnyt- 
twyn. Portmadoo ; flanks of 
Yr Altwen. 



Garth Quarries, Fenrhyn ; 
Pen-bryn-Melyn, Fenrhyn; 
hill side above DeudrMth. 



Harsh opposite Deudraeth; 

shore at MinfTordd ; marshy 

ground about Tremadoc (by 

mauy fluilts). 
Fenamser, Fenrhynllwyd ; 

Tu-hwnt-yr-bwlch. 



Morfti Lodge, fto. 
Fortmadoo (Quarries • 



W. side of Fortmadoo Harbour 



Trwyn-cae-Tago ; south and 
east crest of Moel-y-gest; 
ridges of Borthwood ; Flaa- 

S-y Fenrhyn and hills rang- 
J to Deudraeth. (Ynys- 

Caioh and Fen-«yflog, with 

iron ore?) 
Above Fenmorfk (Thurch? rail- 

wsy above PenmorfH: Moel- 

y-gesj.. W.side; Borthwood; 

AberJa; and various places 

along the slate railway to 

Maenjiwroj. 
2 jiiles W. ot Fenmorfa 



Fenmorlk Church ; W.side of 
Moel-y-gest; Carreg Wen, 
W. of^orth.; Aber ia; Cartle 
Deudraeth ; and various 
places on the Ffestiniog road. 



} 



No fbssils found. 



Diploffrmmu; Di- 
oiude; GUffmene; 
JBglina; Pakt- 
area, 
(Beds equivalent to 
those of the Sti- 
per stones, Shrop* 
shire.) 

IdnffuIeOa Dovhii; 
Angelina ; AMh 
phut; Ckeimmui 
Ofnfffw: (JonnUh 
na; OrOufenu 
Idnffuiooarit; 
Centrotheoa, 



A$aphus; Tkeea; 
Orihocwru; ConW' 
laria. 



Thfca; Ognia; 
Aaaphma; Angt' 
Una; Ckeirurut: 
OgygiasAmmfx,! 

JAnffuletta lepU; 



iMwuteua I 
Bmeropfum, 



PsUooophaUu s Lki' 
gnieUa lepis; 
nocoryphe. 



Co- 



PtUoctphaliu I 
yiobe; Theca; 
Gmoeoiyphef 
IHeigonema, 



Psaoe0phalm$:Die>- 
iyonema? Ogygia^ 

For fbasUsiSW list 
in p. M9. 



* I believe there are rot two bands of iron ore, but of the plane of that ore I am not yet oer- 
tain. It may bo in the upper position indicated, or it may be in the lower, most probably the 
former is the oorreot suppositiou. The fluilts are very pussling here. 
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The distribution of the ge^ra in the zones of the Tremftdoe slates has been 
giyen in the above table. The following is a list of all the species observed 
in the formation in Wales. And I have added (p. 266,) a separate table of 
the uppermost beds, which are here termed Lower Llanddlo flags, as they 
have been so described by Sir R. L Muichison. (They belong to the Arenig 
group of Sedgwick.) 



Name and Beferenoe. 







Uppor Tremsdoc 



f.1.2. 

"tMptfrolfffl.^ 
ooacatS 



AgmodmM primeept 
CheirwruM ^ ' 



f.9. 

taflQfdo.rf.10 - 

ilaiwilian ffnifiTinii ti' PL 7 



PL 8. f. 1-8 
I, head. PI. 



8. 



Ampwx pTMumHui. PL Sff. 6 
C&moeorwpheverMmOU. FL6»f.lS 

COenoidM. FL8.f.6 
adeprt9$a, PL 6, f. 1-8 - 

a«ttnito.PL8>f.7 - 

OUmutimpar. PL8.f.4 • 
JP!taoMphahuip^kUm§. Woodcuts 



P.immdaiM. PL9,f.»-18 - 



AmphmiSomfira^ PL8,f.ll-U- 
A^t^imt. PL8,f.l5 



JVioAdiroai/Vayi. P1.6kf.&-8 



OgwgiatcMiairix. P1.9.f.l 

UmauUtta DavUa, PL 8, f. 7-18; 

^L4,f.l4. 

L.lepi$, WoodcutU 



BeOMvphmAtfimMmM. PLlO,f.S-8 
B.9mUitlHatM, PL 10, f.9. 10 - 



ComOariaHomfroMi PL 10, f. 11-18 
Theea {Cenirctheca) dlata. PL 10, 

f.8B. 

TkeoaoperetOata, PLl0.t22-2« 

opereniHm qfdo. 

T.aral^. PI. 10, f. 16, 21 - 



T. tiimgoia, PL 10, f.lO, 80 
»p. 



Orthoctra* terifisvm. PL 10. f. 4^ 6 
VyrtoccrM preecoT. PI. 10, f. 8 



ETeiTwhera^ aa Ininows or 
tracka. 



Ponmo/Ak Church - 

• • s « 

Moel-y-geat (Mr.Aah) 
PspTDorfla • 



Wem; Borthwood 
Penmorfk 



Cae-Iago; Uaaerch 

Penmorfk; Bortb 

wood. 
Borthwood ; T7' 

dynllwyn Gate 

Jjanerch. 



Deudneth Church 
Ogof-ddu ; Pen 
morjk ; Borth- 
wood ; Tyn*J-Uaii 

Penmor Jk road 



Wem ; Borthwood 
Trwyn-Cae • lago ; 
east of Pont>nant- 
y-Uaditm, Bala 
road. 



Borthwood ; TVn-y 
dre; Tlsm-y-IIaD. 

Borthwood. Tjn-y 
dre. 

Borthwood ; ^^n-y- 
llan. 

Do. do. 



„ • 



PeniDovfk 

m » 

Llaoerch 



Pennorfk 
▼iUage. 



Penmorfik 
Tillage. 



Penmorfk 
Tillage. 

lilanerch 



Uanerch 

field,near 

house. 



id. 
(Hr.Aah.) 



Llaneich? 
Llanerch. 



TiHdt-wen. 
Tuhwnt-y-bwlch, Garth. 



Garth. 
Pencloc(wyn. 
Garth rPendogwyn. 



Pendogwyn. 

Pendogwvn ; Garth ; 
Portmadoc; Tuhwnt-yr- 
bwlch; Under Garth, 
J cc; D endraeth ; Tnyi- 
l^wyu. 

Penelogwyn. 



Garth. 



Penelogwyn. 



Moel*y«geat ; TnhwniTr- 

bwlch; Garth; Ptondo- 

gwyu. 

Tuhwnt-yr-bwicb ; Pen- 

rhynUwyd; Pendogwya; 

CaeBdnyiydd. 



Garth ; Penelogwyn ; 

Portnuuloc. 
Dendraeth s Garth, abun* 

dant. 
Under Mod -y -gest ; 

Garth. 



Mod-y-geat; Garth; Pen- 
elogwyn. 
Mod-y-geat. 



Tuhwnt-yr4iwlch. 
Tohwnt-yr-bwlchi Garth. 



Pendogwrn : Garth ; Tn- 
hwnt-y-owlch ; Hoel-y- 
gest. 

Tahwnt-yr-bwlch{ Garth. 



Perhaps the most characteristic of all the fossils of these rocks are, the Niobe 
Homfrayi and Psilocephahu in the lower division, and the Angelina and 
Asapkut affinis (or A. Homfrayi) in the upper. 
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These four trilobites fire met with wherever the strata are well seen. The 
Kiobe is a large oval trilobite, and has a strong Lower Silurian look about it 
with the general aspect of an Asaphus, much flattened it is true, but still 
characteristic, it ^nite8 the labrum of an Qgygia, and maj therefore be con* 
sidered as intermediate between these genera. Psilocephahu again, with its 
tumid extremities, the head scarcely divided at all into lobes, recalls the aspect of 
Ilksnus very strongly, though it has the characteristic pleurae of Asaphus, and 
is in many respects mtermediate between that genus and Illaenus.* 

Agnostus is of the rarest occurrence. But a peculiar form or two of the 
primordial genus Conoeoryphe, or of one closely allied to it, are common, 
llie Conocorypke depresMa (formerly refened by me on Barrande's suggestion to 
Ellipsocephalus) is still doubtfully referred to the primaeval type. And in all 
the species above the Lingula flags the generic type is obscure. In this, as in 
so many cases, the influence of time is rather a thing felt by the palaeontologist, 
as he patiently threads his way through a monograph of species, than appreciable 
by the outside man of science, even though he be a good naturalist, who 
merely views the lists and compares the per-centages of fossil forms. It 
requires more than these to make up the sum of the differences between any 
two given fossil faunae. Much might be said on this gradual change of type. 
It requires a volume properly to illustrate it, and every worker in fossD species 
knows it to be true, or else our means of identifying remote groups of strata 
would be scanty indeed. 

With the Agnostus the Lingulae have also disappeared from nearly all the 
lower beds of this formation, although a small ana possibly distinct species, 
which I have called Lingulella lepis, is abimdant enough. But the most 
characteristic of the shells are the numerous specimens of Theca, small tri- 
angular pointed shells which no naturalist doubts to have been ancient forms of 
Pteropod life. One of the species is furnished with an operculum, a new fact 
in the history of the division of Pteropoda to which Theca belongs. 

As we rise into the beds which I have called Upper Tremadoc, some of the 
species above named linger on awhile, mixed with the new forms of Ortkocertts, 
BeUeropkon, and Asaphus, characteristio of the upper division. But it is onlv 
in the passage beds (as seen at Llanerch west of Portmadoc, and south of Gaith 
on the east side of the estuary) that such a mixture has been detected. 
Penmorfa Village, — ^not the church, — ^is another locality, and the southern 
side of the crest of Moel-y-gest mountain contains the same beds. 

[On the localitv marked Llanerch on the above list, which occurs in two 
columns, one marked as passage beds, it may be necessary to explain that by 
the intervention of faults, which range through the farm of Llanerch, all the 
lower formations are brought up so as to lie within the range of a field or two. 
This locality is the best I know of for showing the passage from the Lower 
Tremadoc slate with Niobe and Psilocephalus, to the upper with Asaphus, 
Orthoceras and Bellerophon. At the junction the Niobe occurs with the last 
named genera in a hard flinty slate. 

Mr. Homfray, in a note enclosing a sketch, says that at the base occurs Niobe 
and Psilocephalus, and fiirther up he finds with Niobe, Ortkoeeras aeriomm, 
Cyrtoceras, Bellerophon, and Asaphus. Mr. Ash found there Cyrtocenu precox 
and Bellerophon multistriatus,'] 

But the true Upper Tremadoc rocks are characterized by a crowd of new 
roecies. The Niobe and Psilocephalus are replaced b^ Ast^hus and AnoeUna, 
The latter indeed is a most remarkable and charactenstic fossil, and though 
allied to Conocoryphe, cannot, I think, be with reason referred to that genus. 
It is found in the greatest abundance in the rich quarries of Garth, and frirther 
eastward towards Deudraeth ; and no doubt a search along the flanks of the 
hills which skirt the vale of Ffestiniog would show it everywhere. With it 
occur many new species, chiefly the Asaphus Homfrayi and A, affinis, if those 
two species be not identical. At Portmadoc quarries it occurs frequently, and 
west of the town, at the unpronounceable farm of Tu-hwnt-yr^bwlch, good speci- 
mens are obtained. Cheirurus Frederici more rarely accompanies it in all toese 



* A. Darwiniaa would nj^ that occupying as it does an inferior position both to Amihrn and 
JUanus, it might easily be supposed to be the progenitor of both. I have but little tos^ 
against such a supposition. 
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places, AgnoBtut too, but rardy. Two species of the genus Conocoiyphe, 
their formsy as above said, less characteristic than those of the primordial zone, 
are found. Even an OlenuSy O. impar, is present, but so disfiruised as to look 
like a species of Remopleurides, Lastly^ a small Ampyg has been found by 
our formerly sealous correspondent, Mr. Ash, to whom we owe so much of the 
ralseontoloffy of the district. The shells are as distinct from those of the Lower 
Tremadoc, as they are from those in the volcanic series above. There are 
species of Theca, but they are distinct from those of the lower beds. One of 
them is a remarkable form with long projecting spines. There is more than one 
species of BeUerophon ; a Conuiaria, as large as any that has yet been discovered 
elsewhere, of most fragile texture ; an Orthoceras with close septa, and a curved 
shell which I cannot but refer to the convenient genus Cyrtoceras. It is the 
earliest known of the shelled Cephalopoda, and is of peculiar interest. It 
occurs at the base of the Upper Tremadoc, in the beds of passage before 
lefened to. 

LowBB Llandkilo. 

The forgoing list only refers to the typical portion of the Tremadoc formation. 
But above the grits of Garth and Penrhyn, and from that point eastward as far 
as Arenig Mountain, a still higher set of beds is richly fossiliferous. And as the 
species in these beds are all of &em distinct (with the exception of six Graptolites 
axid one shell) from those of the true Llandeilo flags, it might be proper to class 
them with the uppermost portion of the Tremadoc formation. But again they 
are no less distinct from the Upi)er Tremadoc fossils, and they form therefore 
a distinct and peculiar zone, which fortunately it is easy to recognize. It is 
entangled in tne lower portion of the volcanic grits and ashes which play a 
conspicuous part in North Wales.* The following is a complete list, and is 
derived from our cabinets and from those of Messrs. Homfray and Ash, 
but chiefly from the collection made in 1860 by myself and our collector 
Mr. R. Gibbs. 

There are no distinct beds of passage with fossils between the Upper Tre- 
madoc and the Lower Llandeilo, and for this reason : — Eveiywhere along the 
Portmadoc district a thick bed of grit (comparable I believe only to the Stiper 
Stone rocks) intervenes to cut off the volcanic upper series from the true Tre- 
madoc slat^. This bed of grit, under various conditions, may be traced all 
along Yr-«dlt-wen above Tremadoc, and across the estnaiy, it forms ^e brow 
of the Garth, and thence ranges towards the high ground along the curve of 
the Ffestiniog railway. It is felspathic eveiywhere, and seems to indicate the 
commencement of a new state of things, a frict no less plainly indicated by 
the new fossils introduced. In the black slates immediately overlying these 
grits at Garth, we find GraptoliteMm plenty, Homa/bno/ttf, Astwkut, and Caiymene 
among trilobites ; ^gUna abo and Dionide, truly Lower Silurian forms ; to- 
gether with new species of Conuiaria, Palaarca, &c. ; while a little to the east- 
ward, among the lower parts of the volcanic rocks of the Manod Mountains, we 
have the CtUymene parvijrons and the Trinucleus Murchisouij and still further 
east these are accompanied by the Ogygia Selwynii, the fossil above ail others 
which particularizes the Lower Llandeilo rocks of Shelve, in Shropshire, and 
which is found with other fossils, in a similar slate, in S. Carnarvonshire. It is 
not known as a foreign species. 

There is thus no doubt of the horizon of these uppermost rocks. They are 
quite distinct from the Tremadoc rocks of Sedgwick, and have been already 
daimed as Lower Llandeilo by Sir R. I. Murehison. They are the Arenig and 
Skiddaw group of Sedgwick, and have their equivalents, as I have elsewhere 
ahown, in the upper part of the Quebec groiip of Canada, and in the Grapto- 
lite shales of Victoria. (See also Geobgy of Canada, p. 932, Montreal, 1863.) 

I have, after due consideration, given a list here of the species from Shropshire, 
for the following reasons. Sevca^ of them have already oeen partially described 
and figured, but not sufficiently so. Some of the more characteristic are given 
for comparison's sake in pi. 1 la, and lastly it is desirable at once to show that 
the species of the Tremadoc slate proper can no longer be identified with them. 

* And this is their position also in Sfaropafaireb weatt of the 8tl|Nr itonea. 
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List of LowBR Llandeilo Fobbils, Walks and Shropbhisb. 



ytme and Seferenoe. 



Upper 
TremJuloo. 



8.AVDN.WALBfl. 

Lower LlandeOo. 



ScolUhutUttearit. Fl.llB,f.87 • 



HOiZuhoUihet. P1.18,f.8_ - 
SmtriiUie, penfta«oxua stem, P1.U B, 

f.9. 
D^yHMio, sp. - - ^- 

Aamttua Morea, n. sp. (Decade 

Ined.) 

ip. Woodcut? 

dOgiMne paroif^roHS. PI. 12, f. 8 - 



O.eMwvmi 



f.S. 



pOiata, P1.12.f.8- 

i. PL9. f.*-«}pl.UB, 



Cheinmu Frgderieu P1.8,f.l^ 



New geniu like Oginn^ 

JaUnaoaligimaia. Pl.llA«f.lO 
.grandis, PLl2,f.ll - 
^.Uitodota. FLllB,f.S- 



IUamu,sp. - - . - 

I.peravaUt. SUuria,Sd edit.,pL4, 

f 18.14. 
HUmopgia TkonuomL Pl.llB,f.l 
TrtmnOmu Murt^iimnuB, FLUB, 

f.4. 
DioMide aira. Fl.llAJ.9- 
JXptoffroMuaprikis. FLllA,f.l, 

d.e.; pL18,r.l. 
JD. mueronatui. Pl.llA«f.6;pLl8, 

f.l. 
JD.teretkuemlus. Fl. 11 A, f.S 
D,bicomi8. Pl.llA,f.lB- 

D. ramotut, PL 18, f. 1; pL 11 A. 

f.l A. 
Did^mograptut gemimu. PL 11 B, 

J>,'hirundo. PLllB,f.6,7 
WtiMftMn* 8 sp. « > • 

OrapMUst sagitiarius, PI. 11 A, 

f.S. 
JDendrograpautJikrcaMa, PL11A« 

f.S. 
lAnguMlaUpia. WoodciitU 
OboUUapl^itmbea. FLllB,f.lO - 



— ^ sp. (X. aUemuxia olim). PI. 
12. f. 7. 

sp. F1.12,f.6 - 

2>M0tfia,sp. - . . - 



Orthis calligramma, Pl.llB.f.U, 

18; pL18,f.6. 
sp. (bnmohed ribs). PL 11 B. 

f.l4 

alataT Pl.llB.f.l8 - 

C(enodoiUa,9ip, . . . 
sp. 



PdUBorea Ofmmdalua, PLllB,f.l7 
P,9oeialit. PLllA.f.13 - 
Med&niaangliea, Pl.llB.f.U - 

JUbieriaeomplanaia. PLllB,f.l6 
QpA»Ma.sp. FLllB,f.21 

Thsea aimpleap. PL 11 B, f. 88-86 • 

T.WHfimaa, F1.10, f.U - 

ap. . . - - 



SaUrophoH h^paptu, PL 11 B, 

f.2. 
n. sp. - . - - 

Oemularia eorium, PL 11 A, f. 11 - 
C.margaritifera, PL 11 A. f. 12 - 
OHkoomroB Avdkrii, PLUB.f.lS 

0.eneHiuae, PL 11 B, f. 19, 80 - 
— ^sp. . - - - 



Qftfth; 
Tremadoa 



Tsi-hirion. 
Ty^biTiHanod- 

St. David's Head 
Tai-hirion;L1an- 
ftelrfays ; Hen- 
gwrtuohaf. 



U 



-obiy. 
Si. David's Head 



•obi 



ion 

Ty-obry. 

Do. 

adyniiiowin. 
Do. do. 



Llanflselrhys. 
T^-obry. 
Do. 



Llanfkelrhys. 
Do. 



Ty-obry. 



Ty-obiy. 



Tai-hirion. 



Ty-obiy. 
Do. 



Ty-obry. 



Shbotchibb. 

Lower 
Llandeila 



W. of Stiper 

Stones. 

Do. 

Do. 

Do. 



Do. 
Do. 



W. of Stiper 
Stones, 
(abundant). 
Do.r 

Do. 



W. of Stiper 
Stones. 
Do. 
Do. 

Do. 
Do. 



W. of Stiper 
Stones. 



W. of Stiper 
Stones. 

Do. 

Do. 
Scotland. 



W. of Stiper 
Stones. 



W. of Stiper 
Stones. 
Do. 

Do. 

Do. 

W. of Stiper 
Stones. 
Do. 

W. of Stiper 

Stones. 

Do. 

W. of Stiper 

Stones. 

Do. 

W. of Stiper 

Stones. 
W. of Stiper 

Stones. 
Do. 



W. of Stiper 
Stones. 
Do. 



LtondSo. 



8. Wales. 

Do. 

Do. 
Do. 

Scotland. 



N. and & 

Wales. 
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UPPER LLAKBEILO FLA6& 2S7 

In 1843 or 1844 Profe8soi> Sedgwick and myself collected, west of Arenig 
Mountain, the characterietic Calymene parvifrons and Opygia Selwifnu, But 
the species were not properly described by me till 1847. In the same year 
Professor Sedffwick noticeid the occurrence of an Asaphns and some Graptolitesj 
in the upper beds of what he then termed Tremadoc Slate. But though he 
saw that the beds lay below the mass of the Welsh sl^es, he did not attempt to 
bring them into parallel with any of the formations described by Sir R. I. 
Mmchison in his larger work, nor were the fossils then known in Shropshire. 

I was more f ortum^ in 1853, for I found there was a small but peculiar fauna 
in these rocks, distinct both from the Caradoc or Bala beds above them, and 
even from the Llandeilo formation as known elsewhere in Wales. And when 
in 1859, the 2Dd edition of Silurian appeared, the strata were termed Lower 
Llandeilo by Sir R. I. Murchison, and were made to be equhralents of the lead- 
bearing rocks west of the Longmynd and the Stiper Stones, whidi xocks are 
ftin of fossils. 

The list from both these localities was but scanhr, but Sir Roderick's and 
my own researches in the Stiper Stones country had brought to light a laive 
series of fossils distinct from Llandeilo types; and two of these fossils (the 
Cafymene panrifroiu and Ogygia Selwynii) were identical with some I had before 
described frtmi the highest beds, then so called, of the Tremadoc slate. {See 
supra,) 

As will be seen by a comparison of the present lists with the slight notice I 
was able to supply to the work above quotea, the (Cerent stages of we Tremadoc 
slate were not, m 1853, made out by fossU evidence. Hence the Shelve rocks 
were necessarily compared with the whole series, and an important point, wiili 
regard to the pakpontology of the Stiper Stones, was lost. The age of those 
rocks (even including the Stiper Stones themselves) could not be greater, and 
must be less, than that of the Upper Tremadoc, as these are undoubtedly later 
than the Lingula flags. As the fossil evidence is decisive of this point, so is 
the physical structure perfectly explicable on this view, which must be discussed 
when the Shropshire district is described. 

Meanwhile, as a point of comparison for the two rocks (and also for the sake 
of figuring and describing properly the few species noticed in Siluria), a 
single plate of Stiper Stones fossils, pi. 116, is added, and the identity of sevml 
of the species with those of the Lower Llandeilo will be evident enough. 

The strata overlying the Lingula flags in St. David's Bay,^Pembrokeshire, 
which were well searched by our colle^r, Mr. Gibbs ; and again in 1862, by 
Mr. Lightbody, Mr. J. Lee, and myself, yidded only a iknUar, not an identical 
series c? fossiis, and I have therefore included them with some slight doubt in 
the list* 

For the same reasons that have made it desirable to figure and describe a 
few of the Shelve fossils, I have added figures of these,t as they certainly occupy 
a lower horizon than the well-known Llanddlo rocks of other parts of Pem- 
brokeshire. 

The few species collected at Llanfaelrhys, Carnarvonshire, occurring in 
flaggy beds wnich resemble the Tremadoc sli^, are introduced here with utUe 
doubt. When figured three years back in our pi. 12, they were believed to be 
of the age of the Lingula flag. Those from St. David's Head in the same 
plate, were also regarded as Monging to the upper portions of the Lingula 
flags, but are now much more properly identified with'the Lower Llandeilo rocks. 
It LB most interesting to observe, in a series of beds comparativelv new to 
science, Mug below the true Llandeilo flags and above the Lingula flags, how 
^reat a diversity obtains in localities not nur apart in the fossil contents. The 
inference is, that a great harvest of undiscovered species remains to be reaped, 
and many new beds to be discovered in all these localities. 

Uppbr Llandeilo Rocks (Llandeilo flag proper). 

The evidence for the existence of this series of rocks in North Wales is not 
complete, as has been shown by Professor Ramsay in the preceding memoir. 

* Th^ are, boverer. of types reiy similsr to those of the Amiir or Lower Llandeilo, and are 
nndoiibtedly dJatinct from the flMina of the overlying Llandeilo beds of Abeiieiddy Bay. The 
8fc. David's geoloKists are at work upon them at present. 

t Tb^ were originaUy figured with the ' Tremadoe ilate or Lower Llandeilo " in Sir R. I. 
Murefaiaon'swork. 8aaria^9dedit.,p.59kFosB.9. 

5342. R 
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Nevertheless a ffreat band of black slate. Quarried at many points for loofin^ 
slate (Ffestiniog Quarries, &c,), has been aesoribed by Sedgwick and by the 
Sunrey as underlying the Bala or Caradoo strata, and thus occupying a position 
equi^ent to that of the Uandeilo flag. It is of interest, if possibte, to prove 
it equivslent by fossil forms. Unfortunately, the materials are but scanty, but a 
fossil found near Bangor and others in the slates which overlie the Aienig 
porphyries, are identical with those of the Upper Uandeilo rocks elsewhere ; 
and one or two of the species do not agree with those of any higher formation. 

The lists had better be given first, and a few comments on the spedes after- 
wards. I have included those of the black slates of Anglesea, though there is 
some little doubt if they be the e(]^nivalents of the dark earthy slates east of 
Arenig Mountain. There are certam species in them which are but rarely found 
in Llandeilo strata, e.g., the Asaphu Pounsii and Phacopa eqnculatus: but 
the former is certaiidy found, though rarelv, in Llandeilo flitf s in South Wales. 

The latter is, so far as known, exclusively Caradoc ; but the multitudes of a 
dwarf variety of Ortkis caUigramma, pi. 22, which give a Caradoc aspect to the 
grits, are not at all exclusive, for a similar assemblage is to be found in the 
volcanic Llandeilo grits of Builth. And the Graptolites strongly remind us of 
the Llandeilo flags. Indeed I do not know of Diplograpnu teretiuscubi^ 
in higher beds. * 



Name and BfOferenoe. 



No&TH Walbs. 



Other LUndeUo 

LooaUtles 

In Wales. 



on other 
LocaUties. 



SUnopora flbroia, Goldf. Siluriak 
2d ed., pi. 40, figs. 6, 7. 



FoooaUe$ (large tubes) 
Jsekadtie9,sp. Woodcut, f. 4 



EaerinUs rings, abundant, and of 

sereral species. 
OrapMUhut, up. . - . 



Diploffraptw prists, PI. 11 A, fig. 

l,de; pi. 12, fig. 1. 
J>. ramomu. FL 12, fig. 1 j pi. 11 A. 

l^tireUMCuhti: PL 11 A, fig. 3 - 



IHdymograptut Murchiaonco? Bi- 
Imla, 2d ed., pL 1, fig. 1 • 

4»mv mammUatu9, Port. GeoL 
Sep., pi. 1 B, figs. 1, 2. 

Phaoqpa apicukUus, Siluria, foss. 
13,flg.8. 

Asajphut ^ratmua. PL IS, figs. 1-7 

Ataphua PowitU^Mxach. PI. 15 • 



Oubele.sp. 



inudeua eoncetUricu8,v«r.fami8. 
PI. IS, fig. 9. 
CalfmenemmmsHbaehU, var. cam- 
hrmiis, PI 17. figs. 18, 14. 

JMinanu^* Decade 7, G. Surv. 

PLl0.f.». 
Siphonotreta nUcnla, Siluria^ 2d 

ed., fbss. IQ, fig. 17. 
JUnfftiia,Ep. . - . . 

OrOUs vesperHUo. Siluria, pL 6, 

flg8.1^. 

OTtwriida, M'Ck]y,PaLfoB9.,pl.l, 

figs, 20-24. 
O. apirifitrotdm. Sauria, 9d ed., 

foss. 84. fig. 2. 
O.Actanta. PL 21, figs. 1-8 



Qam, E. of Arenig ; 8. 
side of Arenig; 1 mile 
N.W. of Ltanerchy^ 
medd; Treiorwerth. 

Pron-oleu, 3 miles 8.E. of 
Llangefhi, Anglesea. 

Gam, B. of Arenig 



°3S£! 



-glyn, nearlAan 



Pont-8eiont,'< 1 Camar- 
▼on; Glan-y-gors, 8 
miles B. of LUnerdiy< 
medd. 

Conway - 

Da 

Conway; Glan*y-gors, 8 
miles B. of Llanercfay 
medd. 

Carnedd^Dafydd; Pont 
Seiont, Carnarvon. 

Gam*Arenig 

1 mile N.W. of Llanerch 
ymedd ; Treiorwerth. 

Oraig-y-fmrn 

1 mileNTW. of Llanerch 
ymedd; Treiorwerth. 

Axeoig, S.B. side 

Craig-y-glyn 

Crai£7-glyn t 1 mile 
N.W. of lilanerohy' 
medd ; Treiorwerth. 

Ghm-T^rs, 8 miles 8 J2 
of Llanercbymedd. 

Conway - 

GUm-y-gors; 8 miles B.B 

of Lumercnymnedd. 
Craig-y-glyn 

Do. - 

Arenig, B. side - 

Gam, Arenig 



Pembrokeshire 



S.Wales. 



Pembrokeshire. 



Pembrokeshire; 
Builth. 



8. Wales. 



8. Wales. 
Do. 

8. Wales; 
Bhropehirc. 



8. Wales. 



8. Wales. 



Shropshire. 



Wexford, in 
Llandeilo 
rocks. 



A similar 
intheCarMdoc 
of Sweden. 



Scotland. 



Waterford. 



Wexford, in 
strata prdbar 
blyUandgOo. 



* D. Uretimaemlna is fimnd at Gogoflui,8. Wales, most probably in L W » ^ffi ]ffi flags (Prof 
Bamsay, 1864). ^^ 
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Name and Beferenoe. 



NosTH Walbo. 



Oiher LUodeUo 

liocalities. 

inWalea. 



BAEnarks 

on other 

liOcalitiM. 



0,edttifframma,'nr. PL28,f.l - 



— -> sp^ Granulated ribs, O. tMa- 

O.eUoemMa^'Msu 8flnria.iiLs. 

CimmdaHt. Mliiii%lded.;Bidfaw. 
_6eoL BoM^a, pL <k flg. 7. 
O.hifoToia, BUi]ria»2ded.fou.3S, 

pL6,fig.l5. 
Xm^cma Snoofteto. 8anria>fbsi.84, 

Ciem)daiUa,tp. . . . 

Ifari wr w / nthwr a lall ipedei - 

BMerophtm pertKFtatui. Wood^ 

ll.MZo&iftf«. BOuria, p. 7, fig. 9 - 
— ap, flne Unea of growth 
Ortkocerat, fragments 



1 mile N.W. of Uanerch- 
ymedd; T rator we rt h; 
rai-twr, 4 mileB S. of 
IdaogefuL 

Gam^and B. aide of Arenig 

TSp^wr, 4 milea 8. of 

lilaiuceftiL 
Garn ... 



8. aide of Arenig 

Vroiw>loa, S miles B. of 

Llangefm. 
GanMrnd B.alde of Aranig 

Garn. 

Oottwaj* - 

Bangor - 



Gam 
Do. 
Do. 



8. Wales 



8. Wales 



Do. 



O. tMoMa 
Weiford. 



Plentiful In the 
Osndocnxto. 
Wexford. 



AGaradoo spe- 
cies. 



A tme Uan- 
deilo genus. 

Peeuliarly a 
lilandeilo sp»> 
des. 



It should be obsenrad in nviewing this list, thst supposing these beds to be 
of the age of the Llandeilo flagj we h^^ye the genus Isckadites, which is almost 
certainly a regularly formed sponge, lower down than it has ever been before 
detected. Even in Caradoc rocks it is bat rare. 

Of the Ampyx mammiUahu little can be said. It ooeurs in Waterford, among 
speoies which seem to be rightly referred by t^eir discoverer. Mayor Austin, to 
the Llandeilo age; but in Sweden it is a Caradoc fossil. The THnucleus favus, 
possibly a var. of the common trilobite T. coiicenf rtcus, is only known in Llan- 
deilo rocks, and the same is true of the variety termed cambrmiit at the equally 
common Co/ysiaie Blmmembaekii, Some womd be disi>osed to regard this as a 
distinct species. There can be no objection to that view. A»apkut tyrannus 
is a well-known form peculiar to the deposit. JEglina major, Diplograpau 
ramosus, D. teretiusculus, and 8^k(motreta nUcuia, are all Llandeilo forms. 

Belierepkom periurbatuit 1 believe, ycoy rarely indeed occurs in Caradoc rooks, 
but it is one of the commoBest fossils in the Llandeilo flags. The Brachiopoda 
on the other hand have a wide range, and are all nearly common to the two 
deposits. They are the most widely distributed of all the SUurian forms, a 
fiict in their history long known, and ably ocHnmented on, by Forbes, Shaipe, 
Suess, and other naturausts. 

On the whole, I cannot doubt the existence of the Uanddlo flags all through 
North Wales, but Professor Ramsay's ezpluiation of their local mstribution, as 
the result of their unconformity to the rocks below, may receive additional 
value from the suggestion that they are also unoonformably covered by the 
Caradoc stratas uid that thdr occasional reappearance from beneath that 
formation, as at Conway and other places, may oe in this w»r satisfactorily 
explained. I see no other mode of interpreting the facts. For I cannot doubt 
that the cliff of black slates at Conwav, henuned in closely by Caradoc and 
Wenlock rocks, is a fragment of tiie ola formation ; and if I be right in inter- 
preting the Maelmrea, it mutt be so. 

Caradoc (or Bala) Bocks. 

The following Usts contain all the speeies which have come under notice from 
the area now described.f It will be at once seen how rich a formation the 
Caradoc or BiJa fonnation is in the North Welsh district. And by comparison 



* Mr. DarUshire's coHectlont Ifanchester. 

1 1 banre Inehided in it (with Prof. M'Cot's name attached to them) fossils mentioned only in 
the Oambridge Bynopais, soch speeies having been chiefly ooUeeted by Prof. Sedgwick and 
ayielf Sn 1848 and IBMb and the localities being well known to me. 
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with other a ad well-known localities, the mollusca and crustaoea of this district 
will be found, as above said, perfectly to affree over wide tracts of countiy. 

The fauna is very different from that of the Llandeilo flags : Graptohtes, so 
common in Llandeilo schists, are absent or nearly so in the coarse and sandy 
material of the Caradoc ; and the trilobites are of different species or even of 
distinct genera. The Brachiopods onl^, which appear to be generally indiffierent 
to the nature of the bottom, are identical. Still greater difference would appear, 
were we to compare the whole Caradoc &una, here so rich« with other districts of 
the true Llandeilo age where fossils are also abundant. As the one formation is 
clearly superposed upon the other, and as evei^ here and there the same 
mineral conditions recur in either formation, without much resemblance in 
their fossil contents, we are compelled to regard the considerable difference in 
the fauna as due chiefly to age. 

This applies only in part to the Upper Uandeilo formation, which has 
several species identical with the Caraaoc. The Lower Llandeilo {see p. 1/) 
though frequently arenaceous, has but one fossil, the Orthis caUigramma, in 
common with the list^ here subjoined, and six graptolites. 

It is to be remarked that the localities given for the more common spedea 
are only general ones. Our survey lists, derived from an immense collection 
made under the direction of the late Sir H. De la Beche, are crowded with 
localities,* of which it is only thought necessary to give the leading districts in 
which they are grouped, so as to show the range. For the less common fossils, 
aU the separate localities are given. 

List of N. Welch Caradoc Fossils. 



Name. 



Reference 
to other Works. 



Locality. 



FucoidsfpL 14, f. 6,6. - 

Amobphozoa {Sponges). 

New sponge, spicula of - 
Stromatopora atriateUa, 
D'Orb. 

ZOOPHTTA. 

Favoaites alveolaris^ De 
Blainville. 



F. Gothlandica, Linn. - 
Stenopcra fibrosa, Goldf. 



var.? ramulosa, Phill. 



S. Lifcopoditea, Say. 



Siloria, pi. 41, fig. 
81. 



Silnria, pi. 40, figs. 
1,2. 



lb., figs. 3, 4 
lb., figs. 6, 7 



FhillipB, in Mem. of 
Geol. Survey,voL 
ii., pt. 1, p. 307. 

Hall, PaL N. York, 
vol. i., pi. 23, 
figs. 1-3. 



Merionethshire, — Bala Lake. 

Montgomeryshire. — LlanfyUin. 
Montgomeryshire. — ^Llanwddyn. 



Denbighshire. — Glyn Ceiriog. 
Montgomeryshire. -^ LlanfyUin ; 

M^od ; Llangedwyn. 
Merionethshire.^'E. of Bala Lake. 
Denbighshire. — S. of Llangollen. 
Caernarvonshire. — Moel Siabod 

Camedd Dafydd ; Peunachao 

Llyn Idwal ; £. of T-Try&n 

Dolwyddelan. 
Denbighshire. — SJS. of Cerrig-y- 

Dniidion ; S. of Llangollen ; 

Cym-y-brain, Wrexham. 
Montgomeryshire. — Llanwddyn ; 

Welshpool ; Mdfod ; LlanfyUin. 
Merionethshire.^E., W., and 8.EL of 

Bala Lake; Corwen. 
Denbighshire.-^.1R. of Cerrig-y* 

Dmidion. 
Merionethshire.— W. of Bala. 
Caernarvonshire. — Conway. 
Denbighshire. — Glyn Ceiriog. 
Montgomeryshire. — Meifod, &c. 
Merionethshire. — Bala. 



* All these localiticn ure arcesnble to stadenta in the books of the Surrey. It haa been the 
labour of severe ^eara to determine them. And the new or unflgured spedea are many, as the 



unflUed fceneric lista will show. 
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Kame. 



Beferenoe 
to other Works. 



Locality. 



NebmUporafavmlota^ Phill 
▼ar. lau, M'Coy. PI. 
19, fig. 10. 



C^ttUUa pebropolUanua^ 
Pander. 



HdkhJtu iniersthieta, 
WahL 

H. megattomoj M'Coy, 
Tar. vith prominent 

H. tmb m l aia ^ l"-^itHalft - 

Petraia jgqmsulcata^ 
M*Coy. 

P. wuseriaUM, M'Coy • 

P. nuoM, PhiU. 

P. MubA^Ucata, M'Coy - 



Pelratia, sp. 



[P. elroSKUo, Phill. 

Hafygitet caienuhritu^ 

Lorn. 
On^iAyma iHr^nola Linn? 

Ambpora, laige and small 
•p. 

Temiaemlites angiicus, 
Salter. 



Cornmliiea serpuiariuM, 
Schloth. 

Serpuiiiea UmgUgimmSf 

March.? 
Serpuhiea (cylindrical 

SeoUcoderwia (see Ap- 
pendix). PI. 14, fig. 
1-4. 

gp^ quite flattened - 

another8p.with cylin- 
drical tobcB (figs. 1 -4) 
SeoUUSfiroina burrows - 



Mnrch]son*8 Bas8]J^ 
ToL iL, pL A., 
^. 10. 

Silnria, pi. 39, 
fig. 2. 



Siloiia, p. 
fig. 7. 



203, 



Caernarvonshire, — Bettws-y-coed ; 

Dolwyddelan. 
Monigomeryshire. — Welshpool : 

Meifod. 
Denhighahire, — ^Cerrig-y-Drnidion. 
Mierumeihakire,—K,W.f and S.E. of 

Bala Lake; 17. of Bala; W. of 

Corwen. 
Denbighshire, — Cerrig-y-Dmidion. 
Mnttgomeryshire. — ^LlanfyUin. 
Merionethshire. — B. and W. dTBala 



Silnria, pL 39, 

fig. 3. 
PaL fosB., pi. 1 B., 

figs. 23, 24. 

lb.. 

Pal. foaa., p. 7 > - 
Silnria, p. 204, 
^' 3. 



Silnria, pi. 38, fig. 

6. 
Silnria, pL 40, 

fig. 14. 
Silnria, pL 39, fig. 1 1 



Silnria, 2nd ed., 
pi. 1, fig. 3. 



Ib.,pL 16, fig. 3,10 
lb., pL 16, fig. 1 



Denbighshirc-^Glyn Ceiriog ; S. of 

Llangollen. 
Montgomeryshire. — ^UanfyUin. 
JDenJbighshire. — Glyn Ceiriog. 
Montgomeryshire.— ybatiA. 
MerionethMre. — ^Bala. 
Montgomeryshire. — ^Allt.goch,LIan- 

Benbighshire, — Glyn Ceirioff 
(M«Cqy). ^ 

Montgomayshire, — ^Llanfyllin. 

2>eji%ftjAzre.— Glyn Ceiriog. 

Monigomeryshire. — Mdfod(M'Coy). 

Monigomeryshire. — Meifod(M'Coy). 

Denbighshire. — Cym-y-brain; 
Wrexham ; Glyn Ceiriog ; S. of 
Llangollen. 

Denbighshire. — S. of Cerrig-y- 
Dmidion ; S. of LlangoUcm. 

Merionethshire. — S.£. of Bala Lake. 

Montgomeryshire, — Llanfyllin. 

Merionethshire. — Bak (M'Coy) 
Tery donbtfol.] 

Denbighshire. — S. of Llangollen. 

Montgomeryshire, — Meifod. 

Denbighshire. — S. of LlangoUen. 

Montgomeryshire. — LlanfyUin. 

Denbighshire. — S.B. of Cerrig-y- 
Dmidion. 



Caernarvonshire, — Pwllheli ; Car- 

nedd Dafydd. 
Merionethshire and Montgomery^ 

shire. — Llanfyllin ; Llanwddyn ; 

£. and W. of Bala Lake. 
Denbwhakire.--Q\jD. Ceiriog, S.E. 

of Cerrig-y-I^iiidion. 
Caernarvonshire. — ^E. of Y-Tryfim. 



.£. of Cerrig-y- 



Denbighshire,' 
Dmidion. 
j Montgomeryshire. — Llanwddyn, in 

the Berwyn Mountains. 
' Merionethshire. — ^E. andW. of Bala 
Lake. 
[The tubes lie horizontally in the 
rock, and are slightly cnnred up- 
wards.] 

Merionethshire. — ^W. of Bala Lake, 
N. of Bala. 
- Merionethshire. — W. of Bala Lake. 

, £verywh<n% in arenaceoos rocks. 
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Name. 



Reference 
to other Works. 



Locality. 



ECHINODESXAIA. 

CysUdea, 

Sphofoniies Litchi, 

Forbes. PL SO, figs. 

3^4. 
S. muniiits, Forbes. PI. 

20, fig. 5. 
S, piprifirmig, Forbes. PL 

BO, fig. 1, 9. 
S, punciettits, Forbes. PI. 

80, fig. 7. 
SpluBTxmiies, two or three 

other species imde* 

scribed. 
Echinospharitw bahieus, 

Eichw. PL 20, fig. 10. 
E. (CatfocysHtes) Da- 

visii, M*Coy. PL 20, 

fig. 9., UafyocysHte$ 

granatum, Forb&iy not 

of Wahlenberg. 
E. aurantium, Gyll.? PL 

20, fig. 6. 
E, arachnoidat»,'Fcitbw, 

PI. 20, fig. 8. 
QhmtocygHUa (n. genns^ 

jBillings), sp. nnde- 

Bcribed. 
HemicwmUm Bqwmo&tis, 

Forbes. 

B.pyrifbrmiBf V. Bach.? 
PL 20, fig. 12. 

H. obhnguB, Pander. PL 
20, fig. 11. 

PUiiroey$tilea; sp. (with 
rhombs, time on one 
side). For figure of 
genus, pL 23, fig. 5. 

Undetermined genera of 

Crmoidta* 

Okfotoeiimtt f beualU, 
WCoj, PL 23, fig. 4. 

HeteroerimUt sp. 

Asteroidea. 

PaJUtfuter asperrtmut, 
Salter. PI. 23, fig. 2. 

P. <^tu8u8, Forbes. PL 

23, fig. 1. 
P. hnSrieahUf n. sp. 

PL 23, fig. 8. 
EdnoasterBuchii (Age- 

lacrinus, Forbes). r\, 

20, fig. 13. 
Proiaster SaiUri, Forbes. 

PL 93» fig. 9. 



Mem. Geol. Survey, 
Tol. iL, pt 2, pp. 
418-536. 



Mem. GeoL Survey, 
ToL ii., pt. 2, pi. 
21, fig. 4. 



Mem. Geol. Snrv. 
vol. ii., pt 1, pi. 
20, fig. 1. 



Merumetkahire.—^, of Bala Lake? 



Do. 
Do, 
Do. 

Do. 



do. 
do. 
do. 
do. 



AfoHigomeiy»hire.-^lAaiify\liii, 
Merumeth$hire.'^W. of Bala Lake. 
Caemarvonuhire. — Yspytty Bvnn 

(M'Coy). 
Denbigluhire.^-^ of Llangollen. 
Menonetk8hire,—W. of Bala Lake; 

Rhiwlas, Bala. 

These are introduced fi>r com- 
parison, but are o nly known in 
Pembrokeshire, S. Wales. 

DenbighMrB. — S. of Cerrig-y- 
Dmidion. 

jSfoiii^omeyytAtre.— Near Llanfyllin. 



MeritmetkAire, — ^Rhiwlas, Bala. 

[Introdaeed ibr comparison]. Id 

PembrokeshirCjS. Wales. 
IfertoMlAffAirv.— BUNrlas, Bala. 



Denbighshire. — Cerrig-y-Dmidion. 
Merionethshire, — ^N. and £. of Bala 
Lake. 



CoenuirMHMftve.— 'Bettwa-y-coed. 
Merionethshire. — ^E. of Bala Lake. 
Montgomeryshire. — ^Meifod. 
Monigomirgshire. — Meifod. 



Montgomeryshire. — Quakers* Burial 
Ground, near Welshpool s Guila- 
field. 

Merionethshire.—W, of Bala Lake. 

Montgom^rysMrt.'^IluifylSn. 

Caemarvonshirt. — Near 7spjtty 
Evan. 

DeHbighshire,^'<jVfi -y-DniidiOB, 
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Name. 



Keference 
to other Woifcs. 



Crustagba (Tbilgbita). 

Agmothu trmodmsy BtJter, 
PL 19, fig. 8. 

Affmot t u M f ip. - 
AcidaapUBrigktHf Mufeh. 

Ampyx hmUdtu, Forbes. 
FL 23, ^. 6. Wood- 
cat 9. 

Asaphmt Powim, Mmch. 
Fl. 15, a^ 1-5. 



Siliiria,Fl. 18,fig8. 
7, 8. 



AtopAiit radiaiitMj Salter 
(AugthMM hUkottatuif 
M'Coy, not of Green), 
PL M. £ 7. 

Ceifyaune Bhtmembaehii, 
Brong. (C. tubdiade- I 
Mfl/a, M'Coj), cbieflj I 
if not wholly the Tar. i 
Caraetaci. PI. 17, figs, j 
1-2 

C.MiKiria, Conrad (6re9i- . 
eapUaia, PortL) PL 1 7, 
figs. 8-12. 



Pal. fosB. Woodw. 
Mas., pi. I £., fig. 
18 only. 



Moreh. PLl8,figa.4-7. 
C. jwemiM, Salter. PL 
18, figs. 1,2. 



C. oeUtlobaius, M<Coy. 
PL 18, ^. 3. 



Qf6c2e m^oM, Portlock > 



C vermeoia, Dalm. 



Locality. 



- I 



Pal. foss. M'Coy, 
PL 1 G., fig. 8. 



lb., pL 1 G., fig. 
1-5. 



Qr6e2f, sp. 



Bnermmnu sejeeogtatutf 
Sah. PL 19, figs. 5-7. 




Merianeihskire.^W» of BaU Lake. 
Denbighshire. — 8. and S.E. of 

Cerrig-y-Droidion. 
Merionethshire. — ^W. of Bala Lake. 
Denbighshire. — S. of Glyn Ceiriog 

(Woodw. Mas.). 
Montgomeryshire. — ^Near lilangyn- 

nog (M*Coy). 
Merionethshire. — ^Rhiwlas, Bala. 
Caernarvonshire. — Dolwyddelan \ 

Bettws-y-coed ; Mod Siabod. 
Denbighshire. — Cerrig^y-Druidion. 
Montgomeryshire. — Uanwddjm i 

Meifod ; N. of Llangedwyn ; 

LlanfylUn ; Welshpool. 
Merionethshire.—^ and W. of Bala 

Lake. 
Montgomerydiire. — ^Llaniyllin. 
Denbighshire. *- S. of Cerrig«y* 

Dmidion. 

Caemarwm^ire. — Near Pwllheli 
(M'Coy) ; Dolwyddelan. 

Denbighshire. — S. of Llangollen ; 
S. of Cerrig-y-Dmidion. 

Merionethshire. — £. of Bala Lake. 

Himtytfrnfrythirr TJimiTi^i^yr 

Denbighshire. — S.E. of Cerrig-y- 
Droidion; Cym-y-Braiii ; Nant- 
y-brain, Wrexham (M'Coy). 

Merionethshire.'-E., W., and S JL of 
Bala Lake; N. of Bala. 

Montgomeryshire. — ^N. of Llanged- 
wyn ; Llanfyllin ; Llanwd^n i 
Meifi)d. 

MerioneUuihire.'-'E. and W. of Bala 
Lake. 

Denbighshire. — S. of Cerrig-y- 
Drnidion. 

Merionethshire. — ^N. and W. of Bala 
I^e, about Rhiwlas especially ; 
Corwen ^'Coy). 

Montgomeryshire. — ^Llanfyllin. 

Denbighshire. — S. of Cerrig-y- 
Drcddion. 

Merionethshire. — ^Rhiwlas (M'Coy). 

[Also oecars in Aynhire, Scotland]. 

Denbighshire. — 8. of Cerrig-y- 
Droidion. 

Merionethshire.'^W. of Bala Lake. 

Montgomeryshire. — ^Meifod (M'Coy). 

Caernarvonshire. — Camedd Daiydd. 

Denbighshire. — S. of Cerrig-y- 
Druidion. 

Montgomeryshire. — Llanwddyn ; 
LbmfyUin. 

Denbighshire.— S.'E. of Cerrig-y- 
Droidion. 

Montgomerydiire. — ^Llaniyllin. 

DetAtghshire. — 8. of Cerrig-y- 
Droidion. 

Merionethshire.'^^, and W. of Bala 
liike. 
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Name. 



RefereDce 
to other Works. 



Locality. 



Homalonotus buylcahu, ! 
Salter. PI. 16, figs. 1-8. 



H. rudis, Salter. PL 16, 

figs. 9-11. 
nUtnuM Bowmannif Salter. 

PL 18, fig. 8. 

/. Darint, Salter. PL 18, 
fig. 9. 



Lichas laxatugy M'Coj, 
PL 19, figs. 1-8. 



Liehas, sp. 

Phacopg alifroHSf Salter 






lb., pLlG.fig. 12. 



P. apieuUUusy Salter 



lb., figs. 17-19 



P. conophthalmus, BoDck. 



lb., fig. 22 (not 23) 



P. macraura, Sjogren, 
(tntncatocaudatua, 
M'Coy, not Portl.) 

P. BnmgniartU, Portl. • 



P. mucronatua, Brong. - 
BemopiUuridea Colbiiy 

Portl. 
P., new sp., allied to P. 

radianSy Barr. 
P. longUpina^ ? PortL- 

Remopleurides, large sp. - 

Staurocephalus Murchi" 
9oniy Barr. 



I 



Pal. fiMS. t. 1 G., 
fig. 21. 

Portl. Geol. Bep. 
PL 2, fig. 8. 

Brong. t. 3, fig. 9 - 
Decade 7, pL 8, 

fig. 1. 
Barrande, pL 43, fig. 

S3. 
PortL Geol. Rep., 



Barr. pL 43, fig. 28 



Caemarvonakire. — Camedd Dafyd ; 

Pwllheli; Bettws-y-coed ; Dol- 

wyddelan. 
DerAtghshire.'—S.B. of Cerrig-y- 

Droidion ; Capd Gannon. 
Montgomerffdare, — N. of Uanged- 

win ; IJanwddyn ; LlanfylUn ; 

Meifod. 
3f0rtoiieM«Atre.— N. of Bala; E., W., 

and S.E. of Bala Lake. 
DenlnghMTe,—QK^ Gannon. 

Z>e]i3ft^A«A»>e.— S.E. of Cerrig>y- 

Dmidion. 
Montgomeryahire, — Llanfyllin. 
Denbighahire, — S. of Cerrig-y- 

Dmidion. 
Merionethshire, — ^E.W. and N. of 

Bida Lake ; W. of Gorwen. 
Dtnhighehire, — S.E. of Cerrig-y- 

Dmidion. 
Merumethshire,'~K and W. of Bala 

Lake. 
Montgomeryehire, — Llanfyllin; 

Llanwyddyn. 

Denbighshire. — S.E. of Cemg-y- 

Droidion. 
Ctiemarvonshire, — ^Penmachno hill 

(M*Coy). 
Denbighshire, — Oapel Gannon 

(M'Cov). 
Merionethshire, — W. of Corwen 

(M'Coy). 
Montgomeryshire. — Meifod. 
Ccumarvcnshire. — Pwllheli. 
Denbighshire. — S. and S.E of 

Cenig-y-Dmidion; GlynCeiriqg 

(M'Coy) ; near Llangollen. 
Montgomeryshire, — LlanfyUin ; 

Llanwddyn ; Meifi>d. 
Merionethshire,--"^ and W. of Bala 

Lake. 
Ctiemarvonshire, — Bettws-y-coed. 
Denbighshire.— S.^. of Cerrig-y- 

Dmidion; Glyn Ceiriog (M'Coy). 
Montgomeryshire. — Llanwddyn ; 

Meifod. 

Denbighshire, — Glyn Ceiriog ; S. of 

Llangollen (M*Coy). 
Merionethshire.^^, of Bala Lake. 
Montgomeryshire, — Llanwddyn ; 

Lluifyllin. 

Merionethshire, — W. of Bala Lake. 
Do. do. 



Do, 

Do. 

Denbighshire, - 

Druidion. 
Merionethshire.- 



do. 

do. 
S. of Cenig-y' 

-Rhiwlas; Bala. 



bri' 



CXRADOC FOfiSILS. 
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Name. 



Reference 
to other Works. 



Locality. 



Trinueleus concemtricMM, 
Eaton, n. 19, fig. 4. 



T,setieormiSf Hia. 



7*. radJatuSf March. 
Harpet Doramni^ Portl. - 
Harpes, ap. - 

Pbtllopoda and Ostra- 

CODA. 

Bofriehia compUcaia<t 
Salter. PL 19, fig. 9. 



B, siramgulataf Salter 



Leth. Snec Si^p. 
t 40, fig. 19. 



Silaria, pi. 4, fig. 8 



Portl. GeoL B^., 
pL 5, fig. 4. 



Pal. foes., M<Co9r, 
t 1 E., fig. 1. 



B^frichia^ sp. - 

Cjffheref umbonata, Salter ; ^-t ^-^ - 
{CerattocttriSf M'Coy). 



POLTZOA. 

{BrpoMO.) 

DipiograpsuMpristu, His. 
Fl. 11 A., fig. 1 d,e, 
PL 12, fig. 1. 

D,foliaeeus, Murch. 



Graptoliihiu priodcn^ 
Bronn. 



G. aagittaritu, Linn. PL 
1 1 A., fig. 2. 



Silnria, pi. l,fig. 2 



lb., pi. 12, fig. 1 - 



- \Qternafvonskire,--¥wUhe^(htCcj); 

Conway ; Camedd Dafydd ; 
• Bettwa-y-coed ; Dolwyddelan. 
I DtMghahire. — S. of Cerrig-y- 

Dmidion. 
MofUgomerjftkire, — Llangedwyn ; 

Meifbd ; Llanfyllin ; Uanwddyn 

(M'Coy). 
Merumeihshire.^E, and W. of Bala 

Lake ; N. of Bala ; Conren ; 

N. of Tremadoc (M'Coy). 
Denbighshire, — S. of Cenig-y- 

Dmidion. 
AferitmethMhire^^S^E. and W. of 

Bala Lake. 
MotUgomeryskire, — ^Llanwddyn. 
Mericmethshire, — ^N. of IVcmadoe 

(M'Coy). 
Denbighshire. — 8. of LlangoUen. 



MerioneUuhire. — ^E. of Bala Lake. 



Caemarvcmshire. — Camedd Daf^d ; 

Penmachno, 
Denbighshire. — S.E. of Cerrig-y- 

Dmidion ; Llanfwrog, near 

Ruthin (M'Coy). 
Afontgomeryskire. — Uangynnog ; 

LlanwddTn. 
Merionethshire. — ^E. and W. of Bala 

Lake. 
Denbighshire. —-8. of Cerrig-y- 

Dmidion. 
Merioneihshire.--W. of Bala Lake. 
Caemarwmshire. — Conway Falls 

(M*Coy) ; Dolwyddelan. 
DenJbighJure. — ^Dermydd fkwr,nnder 

Craig Bronhanog (M*Coy) ; 

Llanfirrog, near Rnthin. 
Montgomeryshire. — LIanwdd3m ; 

Llanfyllin ; Meifod. 
Merionethshire. — ^E., W., and S.E. of 

Bala Lake ; N. of Bala. 



Merionethshire. — N. of Bala Lake. 

Caernarvonshire, — Conway lUla, 
(M*Coy). 

Denbighshire. — Glyn Ceiriog, 
(M*Coy). 

Merionethshire. — Corwen (M*Coy) \ 
Pentre-cwm-dda, S. of Glyn 
Di£^ry8. 

Denbighshire. — Nantyr, in Glyn 
Ceiriog (M*Coy). 

Montgomeryshire. — ^Peniarth ; Mei- 
fod (M*Coy). 

Merionethshire."-^, of Tremadoc. 
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Name. 



Heferenoe 
to other Works. 



Locality. 



FeneiteUa subantiqva, 

D'Orb. 
R MiUen, WOtb. 



Fenesfeflo, two species - 



Silnria, pi. 41, fig. 

16. 
Siloria, foss. 49, 

fig. 4, p. 239. 






PhyUaporOf two species, 
one with broad meshes. 

P. Huingeri {Retqwrd)^ 
M*Coy. 

PtUodictya dichotoma^PoTtl 



P. eotUOata, M'Coy 
P. explcuuUa, M*Coy 



Pal. foss., pL 1 C, 

fig. 18. 
Portl. Geol Rep., 

pL 21, fig. 3. 

Pal. foss. t 1 C, 
fig. 15. 
lb., t. 1 C, fig. 16 



P,JueMe», M*Coy 
P. ocKlOyHall - 



lb., fig. 14 

Siluria, foss. 27, 
fig. 2. 



Berenicea heterogyra, 

M*Coy. 
Glaucoiume duHcha, l Siluria, pi. 41, 

Gcddf. I fig. 12. 



Pal. foss. 1 C, 
fig. 17. 



Brachiopoda. 
AtrypafMrgintilUfDd^m. i Siluria, pi. 9, fig. 2 



Crania divaricata, M'Coy 



Pal. foss. t 1 H., 
figs. 1, 2. 



DMnasubrotundayVara.l Portl. Geol. Rep., 

pi. 32, fig. 10. 

JHacinaf sp. - - ' - 

Leptana sericea,^Yr. - Siluria, pi. 5, fig. 

14. 



Z.7iiingtteco5toto,(OrMw); 8il. fosa. Ireland, 
M*Coy. ! pi- 3» fig- 8. 



Denbighshire, -^SJK of Cemg-y- 

Draidion. 
Denbighshire.— S. of Glyn Ceiriog 

(M'Coy). 
Merionethshire. — Cerrig-ooedog, 

Conren (M*Coy). 
Caernarvonshire. — CameddDafydd. 
Merioneihshire.-^JS^. of BfOa Lake. 
Montgomeryshire. — ^LlanfyUin. 
Montgomeryshire. — Llanwddyn ; 

Meifod ; Llanfyllin. 
Denbighshire.— .Gljn Ceiriog, near 

Chirk s near Wrexham. 
Montgomeryshire, — LUmfyUin ; 

Meifod. 
Merionethshire.— W. of Bala Lake. 
Denbighshire. — Glyn Ceiriog 

(M*Coy). 
Denbighshire.'^ "Rear Lbngollen; 

Glyn Ceiriog; Cym-y-brain j 

Wrexham (M*Coy). 
Montgomeryshire. — Llanfyllin 

(M*Coy). 
Merionethshire.^, of Bala Lake ; 

Corwen (M*Coy). 
Denbighshire.— Gljn Ceiriog ; S.of 

Llangollen (M*Coy). 
Montgomeryshire. — Llechiredd- 

wyd ; IJanfyUin (M'Coy). 
Merionethshire. — ^W. of Bala Lake. 

Denbighshire. — Glyn Ceiri<^. 
Montgomery^re. — ^Llanfyllm. 



Caernarvonshire. — ^Yspytty Evan. 
Denbighshire. — Glyn deiriog. 
Montgomeryshire. — Llanfyllin ; 

M^od; Llanwddyn. 
Merionethshire. — ^Bala. 
Denbighshire. — S JJ. of Cerrig-y- 

Dmidion. 
Merionethshire. — Pont-y-Glyn 

Diffwys ; Corwen ; Bala Lake. 
Montgomeryshire. — LlanfyUin. 

Caernarvonshire. — Camedd Dafydd. 
Montgomeryshire. — ^Llanfyllin. 
Caernarvonshire. — CameddDafydd; 

Bettws-y-coed ; Bolwyddelan ; 

Llyn Idwal. 
Denbighshire. — S. of Cemg-7" 

Droidion ; S. of Uangollen ; 

Cricor Mawr ; E. of Llanelidan 

(M'Coy); S. of Pont-y-Glyn 

Diffwys. 
Montgomeryshire. — Llanwddyn ; 

Meifod ; Llanfyllin ; N. of Llan- 

gedwin. 
Merionethshire. — E., W., and S.E. 

of Bala Lake ; N. of Bala ; et 

passim. 
Merionethshire.— W. of Bala Lake. 



OABADOO FOBOLB. 
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Name. 


fiefeKikoe 
to other WoriaL 


lioeality. 


1 


PaL fon. Woodw., 
Mii0.pLlH.fig4O. 


DembighahifB. — B. of Cerrig^y- 

fbd. 
MericmeikMre.'-''W. and N. of Bala 






X. miM$a, M8S. 


a oominoii species - 


Lake, espeeially Rhiwlas. 
Caernarvonshire. — ^Bettws-y-eoed. 
Menonethahire,—^, and W. of Bala 

Lake. 


X. lrBMverHi£«, Dabn. - 


Sflnria, 2iid edL^ pi. 
», fig. 17. 


l>eii%A«Asr«.— Gljn Ceiriog. 
Merionethshire, — ^Bala, &c. 



•^ Tar. nwAtolci, Salter ; Pal. Foes., pL 1 H., Afonl^omcy^tfAtre.p—AIlt-Tr-Ankers 



(Zcpi. ^idiifiiecottoto, ■ figs. 80, 81. 
M'Gojrbipart). 
Lmgtda oooto^ M*Coy - . PaL Fom., 1 1 L., 

! fig. 6. 



L, UmMigramMlaiaf M'Coy ' 8ihiria,p.212,fig.5. 



Orthis Actomittf Sow. 
PL ai, figs. 1-8. 



O. 



Idnn. 



Melfod; Llanfyilin. 

Denbighshire, — S. of Llangollen 

(X. hmgissimOf IfCoj). 
Montgomeryshire. — ^Llanfyilin. 
Merumeihshire. — ^E. of Bala Lake ; 

K. of Bala. 
Montgomeryshire. — Llanwddyn; 

Meifbd. 
Caernarvonshire. — Bettws-y-coed, 

Penmachno. 
Denbighshire. — S.E. of Cerrig-y- 

Droidion ; Glyn Ceiriog. 
Montgomeryshire. — Llanwddyn ; 

Meifod ; Llanfyilin. 
Merioneihskire.—Y^. and W. of Bala 

Lake ; W. of Corwen. 
SUoritf, pi. 9, fig. ; Denbighshire. — Glyn Ceiriog 



O. aUernafay Sow. (re* ' 
treemebtitSf M'Coy}. 
PL 19, fig. 11-18 



SO. 



O.^foMbclKM, Sow. PL 
21, figs. 9, 10. 



I 
O. Hirmmtmeii, M<Coy- 1 Pal.FoflB., pL 1 H., 

; fig. 11. 
O. ^i^rato, Schlotheim - ) tHhirla,p.2ll,fig. 1 



, (M'Coy). 

Caernarvonshire. — ^Penmachno. 

Denbighshire.-^^, of Cerrig^y- 
Dmidion; Glyn Ceiriog; Pentre- 
cwm-dda ; 8. of Glyn diffwys. 

Monigomeryshire. — ^Llanfyilin; Mei- 
fod ; Llanwddyn ; N. of Llanged- 
wyn ; Llangynnog. 

Merionethshire. — ^E. and 8 JB. ofBala 
Lake ; Pont-y-Glyn-Difhrys. 

Caemarwmshire, — CameddDafydd; 
Lljm Idwal; Llyn Ogwen; Bod- 
nan, large and fine; Bettws-y- 
' coed ; L^lwyddelan. 

Denbighshire. -^ 8 JB. of OeRig-y- 
Dmidion ; Glyn Ceiriog. 

Monigomeryshire. — Uanwddyn ; 
Mofod) N. of Llangedwin; Llan- 
fyilin. 
, Merionethshire.'—^ W., and 8.E. 
of Bala Lake ; Tilanriiiladr ; 
Snowdon. 

MerionethMre. — Aber Himant ; 
Maea^-fidlen; and Cwm iEth- 
nen, a. ofBala. 



I 



— vnr.ftssicostata, M'Coy Pal. ]roea.,p. 193- 



I 



Caernarvonshire. — ^Bettwa-y-coed. 

Denbighshire. — S.E. of Cerrig-y- 
Dmidion ; 8. of Llangollen. 

Monigomeryshift, — ^Uimfyllin; Mel- 
fod ; Llanwddyn. 

MerioneAshire.-—W. ofBala Lake. 

Montgomeryshire. — ^Meifi)d(M'CoY). 

Merionethshire.— 'BaJB i AJ>er ffir- 
naat (ll'Coy). 
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Name. 



Reference 
to other Works. 




Orthis caUigrammafia\m. 
PL 22. 



f . 



O. crUpa^ M*Coy 

O. degantula, Dalm. (in- 
eluding O. parva. Pan- 
der and M'Goy). 



O, insuhris, Eichw. 

O. ipirifiroides, M'Coy - 



O.porcata.WCoy, P1.19, 
fig. 14. 



O. gagiUi/era^ M*Goy 

O. nmpkx, M'Coy 
O. tatudinwria, Dabn. 



O. tefsfi<ia» M'Goy 



O. vuptrtUiOy Sow. 



Pal. PosB., pi. 1 H., 

fig. 43. 
Silaria, pi. 6, fig. 5 



Geol. BnflB., 11, pi. 

8, fig. 7. 
Silnria,p. 211,fig. 
2. 



Pal. Fobs., Woodw. 

Mus., pL 1 H., 

figs. 15-19. 
Sil. FosB., Ireland, 

pL 3, ^. 18. 
Silnria, pi. 5, figs. 

1,2. 



Pal Fobs., Wood. 
Mob., pi. 1 H., 
figs. 21, 24. 

Siluria,pl.6,fig. 13 



Caemarwmakire, — ^Bettws-y-coed ; 

I>olwyddelan ; Yspytty Eyul 
DetUnghshire, — S. of liangoUen ; 

S.E. of Cerrig-y-Dniidion. 
Montgomeryshire, — ^Llanfyllin; Mei- 

fod ; Llanwddyn ; Welshpool. 
Merionethshire, — ^£. of Bala Lake. 
Caernarvonshire. — ^Bettws-y-ooed. 
ilf(m^oiiiery«At>e.-Llanfyilin ;Meiibd. 
Caemarvonahire, — Llyn Idwal ; 

Mod Siabod ; Cainedd Dafydd ; 

Bettw»-y-coed ; Dolwyddelan. 
Denbighshire. — 8. of Llangollen ; 

S.andSJB. of Cerrig-y-Dmidion ; 

Uanfvrrog, nearBnthin (M'Coy). 
Montgomeryshire, — N. of Llanged- 

wyn ; Mdfod ; Llanfyllin ; Welsh- 
pool; Llanwddyn. 
Merionethshire. — S. of Uangollen ; 

S. and S JS. of Cerri^-y-Drmdion ; 

Corwen ; Llanrhaiadr ; N. of 

Tremadoc (M*Coy). 
Montgomeryshire, — Llanfyllin. 
Merionethshire. — Llanrhaiadr. 
Caemqfrvonshir&. — Dolwyddelan ; 

Pwllheli ; Penmachno. 
I>«ii&^Asfttre.— Cenig-y-Dmidion. 
Montgomeryshire, — Llanwddyn ; 

Meifod ; UanfyUin ; Welshpool 
Merionethshire,'--E,f W., and SJS. 

of Bala Lake ; Dinas Mowddwy ; 

Uanrhaiadr. 
Caernarvonshire. — ^Bettws-y-ooed. 
Denbighshire. — S. of LlangoUeo ; 

Cym-y-brain, Wrexham ; Glyn- 

Ceiriog. 
Montgomeryshire, — ^LlanfyUin ; Md- 
fod ; Llanwddyn ; WdshpodL 
Merionethshire. — ^Near Corwen. 
Merionethshire, — ^Aber Hirnant ; £. 
of Bala. 

Merionethshire, — W. of Bala I^e. 

Ca«marvo?uAtre.^-BettwB-y-coed ; 
Boduan ; Penmachno. 

Denbighshire, — S. of Llangollen. 

Montgomeryshire. — Llanfyllin ; Md- 
fod; Gaer-fiiwr; Welshpool 

Merionethshire, — ^E. of Bala Lake. 

Caernarvonshire. — Dolwyddelan ; 
Conway falls ; Bettws-y-coed. 

Denbighshxre, — Cerrig-y-Dmidion. 

Montgomeryshire, — Llan&ir. 

Caernarvonshire. — Dolwyddelan ; 
Penmachno. 

Denbighshire. — S. of Llangollen ; 
S.E. of Cerrig-y-Druidion. 

Montgomeryshire, — ^Meifod ; Wdsh- 
pool ; N. of Llangedwyn ; Llan- 
wddyn ; Llanfyllin. 

Merioneihshire.'-TSi,, W., and SJl. 
of Bala Lake ; near Corwen ; 
Hirnant ridge. 



k 



G4JUDOC FOBBHiS. 
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Name. 




Locality. 



O., ip. like degantula - 
OrfUraia aMcatdau^ Pan- 
der. 

BkjfnchtmeBay n. (wmie- 
what like A terraia 
M<Go7),SUiiria,p. 230, 

fig. 1. 
R, deprtua^ Sdw. 

R. C^kfb R. eapax,UtiX) 

R^ n. sp, 

Ay amall plaited tp. 

SipkomoiretamkvlafitCoy 

Spirtfer trapexo i dali t ^ 

Dalm. 
Strcphamema aUemaiaf 

Conrad. 
8, atUiqueUa, Sow. 
51 depruta, Dalm. 



Pander, t 17, fig. 6 



8.ddioidM,Ban. 



8. expauMf Sow. 



A graiidiMf Sow. 



Silnria, pL 22, fig. 
17. 



Pal. Foes., Woodw. 

Mn8.,pl.lH.,fig.3. 

Siluria, pL 9, fig. 

24. 
Pal. N. Toik, p. 

102. 
Silnria, pL 20, fig.l8 
Snnria, pi. 20, fig. 

20. 



Hall, PaL N. Y., 
ToL 1, t. 31a, t 3. 



Silnria, pi. 6, fig. 4 



lb., figs. 6, 7 



5. iemuiMinala, Sow. - I lb., pi. 15, fig. 4 - 



S.ni 



, M'Coy 



S. Pecten^ Linn. 



PaL Pom., t 1 H., 
figs. 33-35. 



i Silnria, p. 251, fbsa. 
I 58, fig. 3. 



Mimigomeryahire. — ^Uanfyllin. 
J}enbigh*kuv. — Cym-y-brain, 

Wrexham. 
MerioneAahire. — Corwen (M*Coy). 
CaemarvomsMre. — E. of T-Tryfim ; 

Llyn Idwal; Camedd Dai^dd, 

(abnndant, Sdter). 

MerioneikMhire, — Brynbedwog i 

Bala (M'Coy). 
Meriomedisktre.—'W. of Bala Lake ; 

Cynunerig ; K of Bala. 
CaimarvoitMkire. — CameddDaiydd. 
Denbighshire. — S. of Cerrig-y- 

Dmidion. 
Meriomethihire. — N. of Bala ; near 

Glyn Diffwya (M*Coy). 
Meriomethahire.-'W. of Bala Lake. 

Montgomeryshire, — ^LlanfyDin. 

Monigomteryshire. — ^Llanfyilin. 
CiMniarron«Atre.n— CameddDaiydd ; 

Llyn Idwal ; Snowdon, &e. ; 

Bettw8-y-coed. 
DeMghsinre, — S.E. of Cenrig-y- 

Dmidion ; S. of Llangollen. 
Momigomaryshire, — LluiQrllin \ 

Llanwddyn ; Meifod. 
MerionethMkhre, — £., W., and S.E. 

of Bala Lake, et passim. 
Denbighshire. — Cenig-y-Dniidion $ 

Cym-y'-brain. 
Meritm^hshire. — ^Bala. 
Mantgomergshire. — ^Meifod (all the 

abore localities from M'Coy). 
Caernarvonshire. — CameddDaiydd ; 

Bettw»-y-eoed ; Dolwyddelan ; 

PwllheU. 
Denbighshire.SJL of Cerrig-y- 

Draidion ; Llangollen. 
Montgomeryshire. — Llanfyllin; Mei- 
fod; Llanwddyn ; Cader DinmaeL 
Merionethshire.—^.^ W., and S.E. 

of Bala Lake; Llanrtmiadr. 
Caernarvonshire. — Dolwyddelan ; 

Bodnan. 
Montgomerydiire, — Llaniyilin^ 
Merionethshire. — Bala. 
CbcmorooiuAxre.— Bettw8-y-coed ; 

Dolwyddelan. 
Denbighshire. — ^.IL of Cerrig-y- 

Dmidion ; Cym-y-brain ; 8. of 

Llangollen. 
Montgomeryshire. — ^Llaniyilin; MeU 

ibd ; Llanwddyn ; Welshpool. 
Merionethshire.'—^, and £. of Bahi 



1 Denbighshire. — Glyn Ceiriog; Llan- 
gollen. 
Montgomeryshire.' — Gaer-fiiwr, &c. 

(M'Coy). 
I I>«i%A«Air4P.— Glyn Ceiriog ;Llan. 

I goUen (M'Coy). 
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Name. 



Reference 
to other Woriu. 



Locality. 



Lamblubbanoriati. 

Ctenodonta chliquOj Portl. 
C UBvii^ Sow. - 

C. varicoaot Salt Wood- 
cut 13, f. 1. 



C, 8p. - 



CEdmondiiformu {Area, 
M'Coy). 

CucuUeBa, ap. - 



New genua allied to 

Ctenodonta. 
Modiohpiia obliqua. Sow. 

Jf., 8p. like M, Nihaoni 



Af., 4 ap. 



Pterinea pleuroptera, 

WCaj. 
P. Uneata, M'Coy 

P,f other apedea of 

Orthomota (O. verisimUis, 
MSS.), a large Solen- 
like-apeciea, 

O. postfineataf M*Coy 

O., Tarioua ap. - 



Pakearca buUa, Salter. 
Woodcut 13, fig. 3. 

P. oftfCMroy id. Wood- 
cut 13, fig. 2. 

P. modiciarU, id. Wood- 
cut 12, fig. I. 

P.,8p. Woodcut 12, fig. 2 

P. quadrata^ id. Wood- 
cut 12, fig. 3. 

P. Bmingtii, id., Wood- 
cut 12, fig. 4. 

Gastebofoda. 

C^hmtma erebristriaf 
M*Coy. Woodcut 14, 
fig. «. 



Siluria,p.213, fig. 6 
lb., pU 7, fig. 3 - 



Fal.Fo68.,pL 1 K., 
fig. 2. 



I - 



Silttria,pL 7, fig. 2 
Hisinger 



Pal. Foaa., pL 1 L, 

fig. 12. 
Ib.t p, 261 - 



Not yet figured 



PaL Foaa., pL 1 L, 
fig. 22. 



if ertbneeAaAtre.— W. of Bala Lake. 
CaenutrwmMre. — ^Bettwa»y-coed ; 

Dolwyddelwpu 
Ca^morooiMAtre.— Bettwa-y-ooed. 
MonigomeryMhire, — X^anwddyn. 
Merumethahire ^E. and W. of Bala 

Lake ; N. of Bala. 
CaemanxmMre. — CameddDaiydd ; 

DolwyddeUm. 
Montgomeryshire* — Uanwddyn ; 

Llaniyilin. 
Montgomeryshire^ — ^UanfyUin, 
MerionethAire. — ^Bala ; AberHlr- 

nant (from M'Coy). 
Caernarvonshire. — ^Bettwa-y-coed ; 

Dolydd Ceiriog WaterfiOl, in tlw 

Berwyn Mountaina. 
Montgomeryshirfir^'hl^foi, 

Caernarvonshire. — ^B«ttwa-y-ooed. 
Merionethshire. — E. of Bala Jjtke. 
Caernarvonshire. — ^Bettwa-y-coed. 
MerumeMdre. — ^E. wul W. of Bala 



. I 



Caernarvonshire. — CameddDaiydd; 
BettwB-y-coed. 

Denbighshire. — Cenig-y-Druidion. 

MerionetKshire. — N. of Bala. 

Denbighshire. — Cym-y-brain, 
(M'Coy). 

Montgomeryshire. — Moel Uchlas ; 
(MPCoy). 

Montgomeryshire. — ^Llanfyllin, &c. 

MerioneAshire.'^W. of Bala Lake, 
&c. 

Montgomeryshire. — Allt-y-gader, 
Llanf|rllki (Mr. Proaaer^a collec- 
tion). 

Merionethshire. — 'E. of Bala Lake. 

Caernarvonshire. — ^Dolwyddelan. 
Montgomeryshire. — ^Llanfyllin. 
Merionethshire. — ^N. of Bala. 
MontgosMryshire. — ^Meifiod (alAO al 

Horderley, Shropahlre). 
Montgomeryshire^ — ^Meifod. 

MerUmeihshire.^'Q^ 



Do. 
Do. 

Montgomeryshire. 



do. 
Bettwa-y-ooed. 



CfSp. - 



I Caematvonshire. — CameddDaQrdd. 
> Montgomeryshire. — ^Llaniyilin ;Mei- 

fiML 

Merionethshire. — ^£. and S.E. of 

Bala Lake; N. of Bala. 
Montgomeryshire. — ^LlanfyUin. 



M 
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Name. 



RefereDce 
to other Worki. 



Locality. 



Holepea coMcmMo^ M'Coy 



\ MiriaieBa, Sow. 

S.f Bp^ - - - 

H. lymnaoidetf Forbes. 

Woodcat 14, fig. 3. 
U. exseria, id. lb., fig. 1 ' 
R. carimaioy id. lb., £%. 4 
H. conwOf id. lb., fig. 2 
HolopeBa eonita. Sow.? 

or an allied sp. 
Mmkimmia anguUUa^ 

Sow. 
M. gyrogomia^ M'Coy - 



M.tcalarist Salter 
M. tmpUx, M<Coy 



ilf. ca3i£e2Zbli(fa, M*Coy - 
If. tHrrOo, PortL ? 

3r ., sp. - - - 

Emomphahu, m, 
BaphUioma untiaiJaris, 
Sow.? 

jff. C9«alL«,8alt(J!l?icompA. 

quaUaiahu^ iu. ofin.) 
jff., 2 spedea 



TrocAoiMna, large up. 

Pteropoda. 
Thna iriangularis,FoTiiL 

^— reoersa, Salter. 
Woodcut 14, ^g. 6. 

Hbtbsopoda. 

BeUtrophtm bUoltatuM, 
Sow. 



Silniia, p. 215, fig. 
5. 

lb., pi. 7, fig. 4 - 



DaUnghMhire, — SJB. of Cenig-y- 

Dnudion. 
Merionethshire, — ^N. of Bala. 
Merionethshire. — ^W. of Bala Lake. 
Caemarwmshire. — Bettwa-y-eoed. 
Merionethshire. — Bhiwlas. 



biluria, pi. 34, fig. 

10. 
Silmia, pL 10, fig. 

12. 
Fal. Fobs., 1 1 K, { 

fig. 43. 



Merionethshire.' 

Do. 

Do. 
Merionethshire.' 



-W. of Bala Lake. 

do. 

do. 
-W. of BaU Lake« 



Quart QeoUoiim., 
ToL 5, tab. 1, 1 2. 

PaL Foes., pi. 1 L., 
fig. 21. 



B. perturbatus. Sow. 
WoodcDlltt. 



Pal. Foes., t I L., 

fig. 20. 
Sil. Foaa. Ireland, 

pL 1, fig. 19. 



Greol. Rep., pi. 30, 
fig. 7. 



Siloria, pi. 10, fig. 
10. 

lb., p. 215, fig. 2 - 



Silnria, p. 218, fig. 
2. 



Silnria, pL 7, ^. 7 



Ca/emarvonthire. — Oamedd Dafydd. 

Caemartxmshire. — ^Yspytty Svan. 
Monigomeryshxre. — N. of Llanged- 

win ; Uanfecfaan QSKjOj), 
Caernarvonshire. — C^uneddDaiydd; 

Llyn Idwal. 
Caernarvonshire* — Bettwa-y-coed ; 

MoelSiabod. 
Denbighshire, — S.E. of Cerrig-y- 

Dmidion. 
Montgomeryshire. — "S, of Uanged- 

wyn ; Llanwddyn ; Meifod. 
Merionethshire,—^, of Bala Lake. 
Montgomeryshire, — Allt-yr- Anker, 

Heiibd (M<Coy). 
Montgomeryshire, — AUt-yr- Anker, 

Meifinl (M'Coy). 
Merionethshire, — N. of Tremadoc 

(M*CoT). 
Merionethshire^— Badti (M*Coy). 

Caernarvonshire^ — ^Bettws-y-eoed. 
Merionethshire.-'W, of Bala Lake; 
Merionethshire, — ^W. of Bala Lake. 
Caern ar vonshire, — CarneddDafydd ; 

Llyn-IdwaL 
Montgomeryshire^ — ^lileifi>d. 
Montgomeryshire. — Llanfyilin. 
Merionethshire.— W. of Bala Lake. 
Caernarvonshire. — ^Bettws-y-coed. 
Merionethshire.— W. of BaU Lake. 
Denbighshire, — S. of Llangollen. 
Denbighshire. — Si of Llangollen. 



Denbighshire, — S. of Cerrig-y- 

Dmidion. 
Merionethshire^^W. of Bala Lake. 



Caernarvonshire, — Bettw»jr-eoed ; 

Dol^r^delan ; Tapytty £Tan. 
Denbighshire, — S. of fjangoUen. 
Montgomeryshire. — Llangedwyn ; 

Mdfod. 
Merionethshire. — ^Dinaa Mowddwy ; 

E. apd W. of Bala Lake. 
CaemarvoH^ire, — C^umeddDaiydd. 
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Name. 



Heferenee 
to other Works. 



Locality. 



BeUerophon carinatus, 
Sour. 



B. dUatahu^ Sow. 

B, nodosus. Salt Wood- 
cut, fig. 15. 



Cephalopoda. 

Cjfrtoeeras maquiaeptumf 

Portl. 
C, sonaXf n. sp. PI. 25, 

fig. 1. 
C atramentariumf n. sp. 

PI. 25, figg. 2-4. 
C, other s^des 

Lituites (TrocholUes) 

anffuiformiSf Salt 
Z. comu'arietis. Sow. - 
Z. comu-arietU, var. 

Z.o/aiior6i/bnRM,Conrad. 

PI. 25, fig. 5. 
Z., 2 other species, one 

with oblique waved 

septa. 
Orthoceraa IbeXf Sow. - 
O. vo^oju, Salt PI. 24, 

figs. 1-^. 

O. aiKJAr, n. sp. PI. 24, 

fig. 7. 
O., sp. PL 24, fig. 6. - 
O., smooth species 



O., nearly smooth sp., 
but wiu fine longi- 
tudinal stris. 



SUuria,pl.34,fig.8 



lb.; pi. 25, figs. 5,6 



Siluria, p. 220, fig. 
1, 



Pal. Foss., App., p. 

8, pi. IL., fig. 26. 

Siluria,pl.7,fig.lO 



Siluria, pi. 29, fig. 3 



Denbighshire S.E. of Cerrig-y- 

druidion. 
Montgomeryshire, — N. of Llanged- 

wyn ; E. of the Berwyns. 
Caernarvonshire, — Twll-du, at the 

head of Llyn IdwaL 
Denbighshire, — S.E. of Cerrig-y- 

Druidion. 
Caernarvonshire Llynldwal; Dol- 

wyddelan. 
Denbighshire, — Teirw Riyer, S. of 

Llangollen. 
Montgomeryshire. — Llanwddyn ; 

Ll^gedwyn. 
Merionethshire,—^ and W. of Bala 

Lake; N. of Bala. 

Denbighshire, — S. of Llangollen. 
Merionethshire. — ^Bhiwlas. 

I 

I 

Merionethshire, — ^W. of Bala Lake. 

Caernarvonshire, — Camedd Daiydd. 
Merionethshire. — Rhiwlas. 
Denbighshire. — S. of Llangollen. 

Merioneihshire.—W. of Bala Lake. 
Denbighshire, — S. of Oerrig-y- 

Dmidion f also in Tyrone). 
Co/emarvonMire, — Bettws-y-coed. 

Merionethshire. — ^Bhiwlas. 



Merionethshire, 

Caernarvonshire. 

Merionethshire, 

Lake. 
Caemaroonshire, 
Merionethshire. 

Do. 
Caernarvonshire. 
Denbighshire. — 

Dmidion. 
MerioneAshire. — 

Rhiwlas, &c 
Merionethshire,'^ 



W. of Bala Lake. 
— ^Bettws-y-coed. 
-N. and W. of Bala 

— Moel Siabod. 

W. of Bala Lake. 

do. 
— ^Dolwyddelan. 

S. of Cerrig-y- 

W. of Bala Lake; 
W. of Bala Lake. 



In examining this list, a few observations are worth making on the grouping 
of the fossils ; for instance, the prevalence of one coral, the Stenopora fibrosa, 
the absence of Graptolites, and the presence of Cystidea in notable Quantity. 

These last are confined (so far as I know) to the very remarkaole natch of 
blue-grey ar^llaoeous limestone at Rhiwlas Farm, and its neighbourhood on the 
north-west side of Bala Lake. Elsewhere the limestone has more or less of an 
arenaceous character, and it is the rarest thing for Cystidete to occur in such a 
rock. But in the above-named locality they are found in plenty, and chiefly 
belong to two genera characteristic of Lower Silurian tocks, viz., Spheeronites and 
EekiMspharites. The former fomaM., 20, figs. 1-5) is covmd with pores in 

lira. Tneothery asweUehownbyVon Bttdiand 



^--^e«p]lar order, ananged in paus. 



I 
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Forbes, is eovered with numerous straiglit pore-canals, which striate with a 
web-like ornament the whole suifoce. Hemieasmitet is a rarer form. The same 
groups of genera and species occur in similar beds, at one spot in South 
Wales, Shoal's Hook, near Haverfordwest, in Pembrokeshire. 

The few starfishes quoted belong to genera now pretty well known to exist 
in Silurian strata. PaUBoster is a common genus in tne old rocks, but especiaDy 
in the Caradoc. We have four species in England, and under the names 
Paldsaster and Stenaster it is common in America. The other genus, Protaster 
(or Taniagter,* for I cannot think the two genera sufficiently distinguished), is 
frequent in Upper Siliuian. The one here figured is the fibrst starfiui found in 
strata of this age in Britain, and was discovered hv Professor Sedgwick and 
myself in 1843, and named by Professor Forbes. Ine specimens were lost for 
years, but are now recovered from among Forbes's miscellanea, and both species 
are given in our plate. 

Glyptocrinus hasalis is one of the commonest of the crinoids of this formation ; 
the scattered rings occur throughout the whole of the formation ; they are very 
characteristic, and easilv recognized by their hollow centre : there is no other 
determinable species, — ^tnough abundant fragments occur in the Bala limestone. 

The worm tubes figured in plate 14 are interesting only as showing the posi- 
tion occupied by the great worms that made them. They lie horixontalljr in the 
beds, witn both ends raised a little, the annelide has risen successively with the 
limrs of deposit, one tube rising above the other, so as to form a rough index 
of the time taken to accumulate the stratum. Worm burrows are abimdant 
everywhere. 

The curious little bivalve Crustacea named Beyrichia by M'Coy, are very 
abundant everywhere in Caradoc rocks, but are not strictly confined to them, 
occurring also in Uandeilo flags. B. cmnplicaia is the conunon form. 

The Trilobttes differ in species, as above said, according to the nature of the 
sea bottom. In the pale grey deep-water Bala limestone at Rhiwlas, Bala, we 
find— 

Tiinueleus seticomis, Hisinger. 

Ampyx twnidus, Forbes. 

IHinns DavisH, Salter. 

Agnoshu trinodus. Id. 

Cheirurus bimucronatug, Mureh. C. oetolobahu, M'Coy. 

Asaphus radUUus^ Salter. 

With many others. 

In the sandstone beds above and below, and in the actual Bala limestone, 
where it is of a sandy character, we have — 

Trinueleus ameeniricus, Eaton. 

IlUams Bowmanni, Salter. 

Asapkus PowisU, Murehison. 

Cafymefte Blumenbaehii, var. brevieapUata, Portl. 

Phacopg apiculatuSf Salter. 

And this arrangement appears constant, for in other localities remote from 
Balay where the same conditions of depth and bottom appear to have prevailed, 
the Fmestone species occur in calcareous slate, and the common sand-loving 
species are absent. Where the conditions are reversed, the fauna alters once 
more. It id so with the Brachiopoda. In the argillaceous limestone heptana 
B-cogtaia is plentiful ; in the sandstone I/, sericea, Strcphomena expanga is the 
universal fossil where sand has prevailed; it is not found in limestone — 
<S. aHeruata takes its place. Strophomena tetMigtriata is a sparsely distributed 
fosril everywhere ; S, depregsa very common in beds of all cnaracters. Ortkis 
vegpertiUo affects sandy muestone, and with 0. Actonue and 0. biforata appears 
not to have flourished well in other matrices ; but 0. calligramnui, though able 
to live upon most deposits, appears to have had a spedal liking for coarse sand 



^ Billings, in bis excellent Canadian Decades, No. lY. Arfhrasfer of tlie same work appears 
to me to be a Paktagter. 
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and oonglomeniteB, where it often grew to » lai^pe mt, exduding other species. 
A due admixture of sand and (^oareous matter, however, appears to have 
invited nearly all the spemee, which then ^w in tiie greatest numbers and of 
the largest size. One of the best localities to studv the arrangement of the 
Brachiopoda is the precipitous ground round Lake Ogwen. The map shows 
several beds of trap. Between these we have beds, with specimens of Leptana 
sericea an inch wide I and of Orthis eUgantula fuUy half an inch in diameter. The 
Leptoena 5-castata and L, tenuicincta, I never saw except in calcareous or 
argillaceous beds ; and these are common but rather small shells, not generally 
known. Lingula is not common. One species, L. ovata, seems to be peculiar 
to the Bala limestone. Further eastward, one of the lai^est lAng^m known 
is plentiful on the same horizon, L. tenuigranulata, M'Coy. 

Of the Lamellibranchs but little can be said, for so many imperfect specimens 
remain to be some day described ; and these are of species or genera identical 
with those of forei^ Caradoc strata,— the genera Orthonota, Palaarca (Hall), 
and Modiolopsis, with a few Pterinea, being the principal forms. Ctenodonta 
varicosa, a small triangular nuculoid sheU, seems to occur in great plenty at 
various spots, e.g,, near Conway Falls, and along the line of hills west of Bala 
Lake, llie Amionychia coatata of Conrad is one of the many species which 
help to link the British and American Caradoo rooks together. 

Murchisonia, Raphigtoma, Holopella, and Hohpea are the common univalve 
shells. Of the last, three or four species occur m a group together in the Bala 
limestone at Rhiwlas. Their names have lonff been in MSS. by Forbes, and 
th^ are here figured for the first time. Peniaps the CycUmema crebristria, 
M'Coy, is the most common univalve of all, ana it is one which occasionally 
ranges up into the Llandoveiy rocks. 

Of the Pteropod group, we have a verv common fossil, Theca reversa (woodcut 
14), which differs from Upper Silurian forms in having the opposite side convex 
to that which is usually so in the genus. It appears to be an equaUy common 
species on the other side of the Atlantic. Pterotheca (woodcut 18) is a much 
rarer form ; it is wider and more expanded than any living shell of the group, 
and unlike Pteropods in general. We have an unfigured species, P. undulata^ 
which occurs in tolerable plenty in the yellowish shaly beds m Caernarvonshire. 
It is a most singular fossil. But Doth the Pteropodous and Heteropo- 
dous orders of the group appear to have had larger, heavier-shelled, and alto- 
gether mora extraordinary forms among them in Silurian times than they have 
ever had since. 

Lastly, among the Cephalopods are some large and curious forms of Cgrto* 
ceras. This genus, or collection of genera (for probably many distinct groups 
are included under this name), is remarkable for the variety of positions m 
which its siphuncle is placed, — sometimes on the dorsal, sometimes the ventral 
margin, ana in every conceivable position between these two points.* 

The small LituUes or TrochoHtes planorbiformii of our list is in the Woodwar- 
dian collection. It is not the only lituite-formed sliell, for the L, comu'arietis 
occurs with it near Bala. But the group is singularly rare in the Welch 
district, though so common both in Sweden and America. 

These genera are only found at Rhiwlas, Bala, in the ai^Uaoeous lime- 
stone before noted ; and the common Orthoeeratite with them is the O. vagwu 
i Salter), a species of wide distribution, since it ranges at least as far as PortugaL 
t abounds in the Bala limestone in one or two locidities. (See plates 24 
and 26.) ^ 

In this same limestone, when we were all collecting there, with Sir H. De la 
Beche and Professor Forbes, some curious phosphatic nodules were obtained, 
which were analysed by Dr. Plavfiur, and found to contain over 30 per cent, of 
phosphate.t ^r. Steny Hunt had not at that time printed his valuable obsex^ 
vations on the phosphates derived from molluscous remains in the s^ older 



* It would be an excellent Ijpe for a disciple of Darwin to start fh>m, for the petition of the 
riphoii in the two great gronps NautUida and AmmoniHtkB is remarkably constant, while 
Qfrfoeeras, oocumnff as it does in older rocks than either, seems to combine both types. In 

OrMoeenM it is Tanablsb but not much so in any of the iuToniteiranefm. 
t Quart. Joum. Geol. Boc, vol. 7, ISffl. 



LOWEB LLANDOVBBT ROCK& 275 

beds of Canada. It was at the tiine thought probable that fish had left their 
eopiolite ezurise in this locality ; but the progress of research has shown that 
every one of the supposed fish renuuns in this or any otiier country, on a 
lower horizon than that of the Ludlow rocks, may be referred properly to other 
and infinior classes of animals.* 

Lowes Llandovkry Rocks. 

As deseribed in the Memoir, certain sandstones and conglomerates of this 
age, not separated from the Lower Silurian rocks at the time the maps were 
made, range into the district. Ther are but ill represented, however, in cabinets 
of fossils, and, except in the Meiiod and Welshpool districts, have not been 
noticed in the Memoirs of Professor Sedgwick. The chief locality for these 
strata is the limestone and conglomerate described by him (as Bala oeds, how- 
ever, not as of Llandovery age) at Pen-y-craig and Mathynfal, on the banks 
of the Vymwy, south-west of Meifod.t But the Rev. Dr. Gumming has also 
brought fossus from the ridges below Guilsfieldf near Welshpool, which 
truly belong to this age.^ The Cefn^ 3 miles north-east of Welshpool, 
near Buttington, has a small patch of these rocks coloured Lower Silurian ; 
and th^ occur among the Breidden Hills, as I learned from the investiga- 
tions of Forbes, who did not, however, bring fossils home. It may h»e 
be said for those species quoted in our foot-note, from the two localities, 
Cym-y-biain, W. of Wrexham, and PwllheU, Caernarvonshire, that the 
Geological Survey is not responsible for the localities, nor Professor M*Coy 
for the formations. The lists so carefully made out by him from Professor 
Sedgwick's collections accurately represent those collections. There is no 
reasonable doubt of the occurrence of Lower Llandovery fossils on the outlier 
of Cym-y-brain; but I must be allowed to suggest that it may well be 
doubted whether there be not some mistake as to the locality from which the 
so-GaUed Pwllheli fossils were obtuned. So frir as we know, no patches of 
Middle Silurian occur all over the coimtry west of the Snowdon chain, nor 
indeed for some distance east and south of it. On the other hand, if the Penfa- 
meriy and the Trilobites and shells quoted in the annexed list (taken from the 
Cambridge Synopsis), were really obtained from near Pwllheli,§ it is certain 
that the Llandoveiy rocks exist there. 

It would be well worth any geologist's while who may take an interest in the 
subject, now that our maps are published, to search well the boimdaiy rocks 
around the edge of the Wenlock formation. Should he not find these Llan- 
dovery beds, (maracterized by the numerous Petraue and Pen/amm,|| he will 
at least be working among the richest beds of the Caradoc formation, where the 
species are most abundant. A pale-coloured slate, which, when collecting with 
Professor Sedgwick, we used to term "pasty rock," and which ranges all 
through the , Meifod and Llanfyllin coimtry, might well be a portion of the 
Lower Llandovery series, as it is rich in corals. But the characteristic Psk^o- 
meri were never found in it by us, nor, so far as I can learn, by other observers. 

The list of species is as follows ; and I have included all those ouoted bv 
Professor M'Coy, as the majority of the specimens were collected oy myseu 
in company with Professor Sedgwick. Professor M'Coy's name is attached 
to those I have not myself seen. 

* See note hj J. W. 8. in Hugh Miller's * Footprints of the Creator/ 2nd edit., by Hn. MiUer. 
PL 316. 
t Qosrt. Joorn. GeoL Boe., 1S46. vol. i., p. SO. Quoted also by Prof. Bamsay, toL Ix., p. 179. 

t It is probable that the Lower Llandovery beds sweep round the edge of the Wenlook rooks 
in many places. We oan, hoverer, only give known loeaUties for fossils. 

I The species in question are: 
JEncr inm rM s jnmctatua ... 

Bhffiektmeaa lO-plicata {diodonta, M'Coy) 
R. hemuphariea ... 

"Rhfnehondla Upsikm . . - 

Peatamenu UtvU ... 



All from Pwllheli, Csmarvonshire, ac- 
oordhig to the Camhridge Synopsis. 



Siropkamena ecmpreaaa - - . 

n all mentioned by M'Goy, and are certainly Llandovery species. The Cjrm-y-braln 
m inserted in the general list. p. S8. 



I The gennsJVf<i«lil«r should be looked for. M0 Silaria» Snd edit, p. S03. Foes. 27, fiff. 8. Itis 
a eonmioa and characteristio Lower LUmdoreiy fossil. 

s2 
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List of Lower Llandovery Fossils. 



Name. 



PetrcUa unisericdiSf M*Coy 



Petraia subduplicata, M'Coy 
Stenopora fibrosa, Goldfiifls. 
HelmUes me^astoma^ M'Coy 
H. interstincta, id. 
Favosites cUveolaris, Goldfoss. 

Hahfntea caUnulariiu, Linn. 



Omphyma turbinata, Linn. 

Trinucleus concentricuSf Eaton - 

Ctifymene Blwnenbachii, Brong. - 

— var. Caractaci - - - 

Encrinurua punciatus, Briinn. 

Beyrichia ecmplic<Ua, Salter 

PUlodictya cMteUata, M'Coy 

P. explanata, M*Coy - - - 

P. laneeolata, Lons. ... 

FeneateOa mtbandqua, D'Orb. 

Graptolithes priodon, Bronn. 

Leptana transver8(dUfiti}m.f var. undulata 

L. sericea, Sow. - - - - 

BhynchxmeQa Lewisii, Day. 

B, gubundatOf M'Coy 

Atrypa reticvlaria, Linn., and 

A, marginalis, Dalm. 

BhynchoneUa subundata, M*Coy - 

Strophomena eughfpha, Dalm. 

8, depreasa, Dahn. ... 

8, antiquata, Sow. jB. - 

8. grandis. Sow. ... 

8. expaiua. Sow. ... 

OrthU bi/orata, ^Id. . . . 

O. ficr^, M*Coy 

O. Actonia, Sow. . . - 

O, hybrida, Sow. . . - 

O. aeganHda, Dalm. ... 

O. lata. Sow., var. protenm 

O, insidaris, Eichw. ... 

Pentamtnu undatus, Sow. 

P. ahboms, Sow. - - 

P. fcjw, Sow. - . - - 

P. 22VM, Sow. (yonng of P. obhngiLs) - 

8pirifer plicateUm, Linn. 

8pirifera percrcuaa (^Atrypa 9 Sil. Syst) 

Jjisdna, ap. - 



:} 



Locality. 



Pen-v-craig, Llangynyw (M'Coy) ; 
Mathyra&l ; Meifod ; Cefii, near Bat- 
tington. 
Cefn, near Buttington. 
Mathyrafal ; Qn&kers' Buying Ground. 

Do. (M'Coy). 

Do. 
Mathyrafal ; Pen-y-craig, Llangynyw 

(M'Coy) ; Cefh, near Bnttington. 
Cefn, near Bnttington; Mathyraftl 
(M*Coy) ; Pen-y-craig, near Llan- 
gynyw. 
Math^^al ; Cefh, near Bnttington. 
Pen-y-craig, Llangynyw (M*Coy). 
Cefh, near Bnttington. 
Mathyrafal (M'Coy). 
Mathyra&I. 

Do. 

Do. 
Mathyra&l ; Pen-y-craig, Llangynyw. 
Pen-y-craig, Llangynyw. 
Mathyrafid. 
Pen-y-craig, Llangynyw ; Cefh Grogos, 

W. of Llanfyilin. 
Madiyrafkl ; Pen-y-craig, Llangynyw. 
Mathyrafal (M'Coy). 
Mathyrafid. 

Mathyrafal and Pen-y-craig (M*Coy). 
Cefh, near Buttington; Quakers* Barying 

Ground ; Mathyrafal. 
Pen-y-craig, Llangynyw. 
Quakers' Burying Ground. 
Quakers* Burying Ground ; Cefh, near 

Buttington ; Mathyrafal (M'Coy). 
Mathyra&l ; Pen-y-craig, Llangynyw. 
Mathyrafkl (M*Coy). 

Do. 
Mathyrafal and Pen-y-craig. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Quakers* Burying Ground ; Mathyra&l. 
Pen-y-craig ; near Meifod ; Mathyrafal 
Cefn, near Buttington ; Mathyrafal. 
Cefh, near Buttington ; Cyrn-y-brain ; 

Wrexham. 
Quakers' Burying Ground. 
Cym-y-hrain ; Mathyra&l. 
Quakers' Burying Ground. 



Upper Llandovery Rocks (May Hill group, Sedgwick). 
For notes on these, see end of Appendix. 

Wbnlock Series. 

This great formation, long ago described in detail for N. Wales by Prof. Sedg- 
wick, covers up with a slif^ht degree of unconformability the Lower Silurian series; 
and in the remarkable sandy character of its base it differs so widely from tiie 
typical W^enlock rocks of the Silurian region, that the fossil contents of the 
two regions may well be supposed to be different. Professor Sedgwick's paper 
shows that one of the commonest fossils along the range of Modwl Eithin in 
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DenbighBhirey and the western slopes of the Berwjns, is the Chtmetes (Leptana) 
lata of the Silurian system. This is a fossil nunly found in WeiUock strata ; 
it is characteristic of the sandv mudstones of the Upper Ludlow rocks, and 
here in these lowest Wenlock beds it is associated with the Betterophon trilo- 
bains, a fossil not less characteristic of the Uppermost Silurian sandstones (or 
" tilestones " of the Silurian system). This commingling of the Ludlow and 
Wenlock types, however, does not destroy the very considerable difEerenoe of 
iacies between the fossils of the two series ; it only modifies them. Again, not a 
single characteristic Lower Silurian species, nor even a Llandovery species, is 
mingled with these, as the following lists will show. 

I have separated the fossils of the sandy strata about Llansannan and 
Llangollen, as a higher Wenlock group ; but there is in truth but little variety 
in the fauna of the Wenlock rocks of North Wales, except where the respective 
conditions of black shales and coarse arenaceous grit prevail. In the former 
we find abundance of GraptoUUs, of thin-shelled OrtkoceratUes, with Cardiola 
and a veiy few Brachiopod shells. In the latter, Brachiopod and Gasteropod 
shells are abundant, ana corals are not rare; but a Graptolite or an Ortkocera" 
tiie is seldom met with. Encrimtes are plentiful in both kinds of rock, and are 
not all of Dudley species. 



Name. 



Locality. 



FavosiUs alveolaris, Blainv. 



SlemoporaJibroM, Goldf 

— var. ramniosa, Phill. 

Peiraia gMbduplicala^ M'Coy 

P. bina, Lonsd. (janiil) - - - 

Sgrmgoporay sp. with tabercles inside - 

EmcriniU sterna ... 

GbfpiocriMUM, 4 sp. 

Actinoerinus, stems onfy . - - 

A, pulcker, Salter ... 

Trails of ^nne/ufeff . . . 

Cktnadites serpiUarius, Schl. 
Tentacviites, sp. - 
Qtfymene Blumenhaehiiy Brong. - 

Somahnohu, sp. ... 

Pkacops DowmingiiB, March., var. 

P. eawdatuSy Brong. ... 
P. Siokesii, MUne-Edw. - 
Encrinurus punctatuSf'Brimn, - 
Beynchia Klodeni, M'Coy 
GraptoUthus priodon, Bronn (G. ludensis) 



G. aagUtariuMy Linn. ? - 

Puiyzoa 

Airupa reticMlariSf Idnn. 

Airypa, sp. - - 

Ltptitna utuigaia^ Sow. - 
X. minima^ Sow. - 
X., sp. - - - 

X. transoersalis, Dalm. - 



Orikis eiegantula, Dalm. 



Uangynyw Bectory, Montgomeiyshire ; 

Cnug-hir ; Mwdwl Eitbin ; £. of 

Merchlin. 
Moel Seisiog ; Mwdwl Eithin ; £. of 

MerchliD, S. of Conway. 
E. of Merchlin. 
FlasMadoc 
Moel Seisiog. 

Do. 
Craig-hir. 
Mwdwl Eithin ; Moel Seisiog ; Plas 

Madoc. 
E. of Merchlin. 
Oemant ; Nant-glyn ; Maes-tyddyn ; 

Nant-gwThwyd-ucha£ 
Oemant 
Plas Madoc. 

Do. 
Craig-hir ; Mwdwl Eithin ; Moel Seisiog ; 

E. of Merchlin ; Plas Madoc. 
Mwdwl Eithin. 
Mwdwl Eithin ; Moel Seisiog ; Plas 

Madoc ; £. of Merchlin. 
Moel Seisiog ; Plas Madoc. 
Llangynyw Rectory (M*Coy). 
Mwdwl Eithin ; Plas Madoc. 
£. of Merchlin. 
Llanrwst ; Llangynyw Bectory ; Oer- 

nant ; Nant Morfydd ; CraigHldu-allt ; 

Nant Glyn ; Maes Tyddyn ; Gwyddel- 

wem ; Oefb-GmgOB, W. of LtanQrllin. 
Mod Seisiog (M'Coy). 
Plas Madoc. 
Craig Hir; Mwdwl Eithin; Mod Sdsiog ; 

£. of Merchlin ; Plas Biadoc. 
E. of Merchlin. 
Gwyddelwem. 
Gwyddelwem. 
Plas Madoc. 
Craig-hir ; Mwdwl Eithin ; Moel Seisiog ; 

PUs Madoc. 
Craig Hir ; Mwdwl Eithin; Moel Seisiog; 

£. of Merchlin ; Phis Madoc. 
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Name. 



Loeality. 



OrihU deganbda (var., with flatter ven- 

tral TalTe). 
0.» with simple plaits • . . 

Jthfnchoneila boreaUSf Bchl. ? - 
i?. nncuUiy Sow. - - - . 

E. decemplicata. Sow. ... 

iJ. do. ? 

if., — two species - . - 

if., — ^rery fine ribs . . - 

Strophomena compressa^ Sow. 

Spirifer trapezoidcdis, I)alm. 

S. ekvatuSf Dalm. . • - 

S. pUcateUua, Linn. ... 

S. percrtissa, M*Coy ... 

Betzia cuneata^ Dahn. ... 

CUnodonta^ — flatsp. . . . 

C. levata, M'Coy, not of Hall - 

C. (^Arca) Edmondiiformis^ M*Coy. 

Cardiola interrupta, Sow. 

C, sp. - 

Pterinea retnfiexa f or P. rectangularis - 

Mytilu8, small convex sp. - - 

M. Chemungengis f Conrad. 

M. unguicumtua. Salt. . . - 

Modioiopsis, sp. - 

Clidophorns ovalisy M*Coy 

EuomphaluBy like E» carinaiusy Sow. 

E, (or Platyschisma) thin shell, not 

Platy. helicites. 
Loxonema eleganSy M'Coy 
Murchisonia Lloydii, Sow. 
JIf .,— sp. (flat sides) ... 
3f., — sp. (prominent whorls) 
HohpeUa gregaria, Sow. 
Acroculia HaliotiSy Sow. 
Bdlerophon carinatuM, Sow. 
J7. tnlobatug, Sow. 
^. expansusy Sow. ? - 
^. «t(0(iect(Ma<v«, M'Coy 
Orthoceraa annvlatum, Sow. 
O. prinuBvum, Forbes 
O. anottZafiim, Wahl. 
O. suoundulatum, Portl. - 

O., sp. - 

Pkragmoceras nauiUevni^ Sow. 

Lituites articulatus, Sow. ? 



_ t 



£. of 



£. of 



£. of Merehlin. 

Do. 

Do. 
Mwdwl Eitfain; Moel 

Merehlin ; Fliu Madoc 
Mwdwl Eithin ; Flas Madoc 
rias Madoc. 

Mwdwl Eithin ; Flas Madoc. 
Moel Seisiog. 

Do. (M*Coy). 

Craig-hir ; Flas Madoc. 
Mwdwl Eithin ; Flas Madoc 

Merehlin. 
E. of Merehlin. 
Mod Seisiog (M'Goy). 
Plas Madoc. 
Flas Madoc; Mwdwl Seisiog; Gwyddel- 

wem. 
Flas Madoc 

Moel Seisiog ; Llangynyw Rectory. 
Gemant ; Maes Tyddyn ; Llangynyw. 
Maes Tyddyn. 
Mwdwl Eithin. 
Maes Tyddyn. 
Flas Madoc. 

Do. 

Do. 

Do. 
Gemant. 
Craig-hir. 

Do. (also at Vinnal Hill, Lndlow.) 

Do. 
Flas Madoc. 

Do. 

Do. 
Moel Seisiog ; Flas Madoc. 
Flas Madoc. 

Do. 

Do. 
Llanrwst 
Craig-hir. 

Nant glyn ; Craig-hir. 
Llangynyw Rectorv (M*CJoy). 
Craig-hir ; Maes Tyddyn ; Moel Seiidog ; 
Llangynyw Bectory ; (jraig-ddu-AUt. 
Flas Madoc. 

Do. 
Nant-glyn. 



Wenlock Rocks, near Llansannan. 
Beds above Denbighshire Grits. 



Name. 



Stenopora fibrosa, Qoldf., var. incmstans 
S,, var. ramuhsay Phill. ... 



Locality. 



Frid-y-fedwen ; Mynydd-Tryfan ; Tttm 

Fawr. 
Frid-y-fedwen ; Mynydd-Tryflm ; Cefo 

Barog ; Fron-&wr. 
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Name. 



HdwHies interstincitis, Wahl. 
Petraia bina, Lonsd. 
P., ip. - " " 

Cushion-like coral 
Spoiu/arium Edwardsii^ Mnrch. 
JEncrinite stems - 

SerpuUtes digpar. Salt - 
ComtJzUs 9erpulariiUt Schl. 
Tentticulites omatus. Sow. 

Phacops caudatuSf BroDg. 
BeyricUa Kladeni, M<Coy 

Nodular var. of do. 
Cjftheropns, sp. - 
Eseharina or Berenicea - 
GraptotUhua priodony Bronn 

Atrypa reticularis^ limi. 



A., sp. - - - 

ChoneUs lata, Von Bach. 



OrthiM degantula, Dalm. - 



O. lunata. Sow. - 
KhfnehoMUa didyma, Dalm. 
R. WUmmif Sow. 

i?. jtucvib, Sow. - 



B. navicular Sow. 

/?., plaited sp. - 
Spirijer elevatus, Dalm. - 

S. crupuMf Linn. 
Lqtttna ktviffata. Sow. - 

rZ. loMocincte, M*Coy - 
X. mmtno. Sow. 

Strophomena eugfypha, Dalm. 
5. depretsa, Dalm. 

S.JuHundata, M*Coy 

S.JUoM, Sow. - - - 

Ambonychia f acuHcostata, M'Coy 
Goniophora cymhaformis. Sow. - 
Pterinea retrqflexa, Wahl. 
Avicvla mirOf Barr ? - 
Cardiola interrupta, Sow. 



Locality. 



Fron-fkwr. 

Frid-y-fedwen. 
Do. 
Do. 

Dinas Bran ; LUmgollen. 

Frid-y-fedwen $ l^ydd Tryfhn ; Cefii 
Barog ; Fron-&wr ; Bryn-mawr. 

Dinas Bran (M*Coy). 

Fron-fiiwr. 

Frid-y-fedwen ; Mynydd t Tryfim ; Bryn- 
mawr. 

Frid-y-fedwen ; Cefh Baroj;. 

Bryn-mawr ; Capel-y-rhiw ; Frid-y- 
fedwen ; Cefii Barog i Fnm-&wr. 

Capel-y-rhiw. 

Mynydd Tiyfim. 

Frid-y-fedwen. 

Tyn-y-pwll ; R. Dee, S. of Llangollen 
(M*Coy). 

Frid-y-fedwen ; Mynydd Tryfim ; Fron* 
fawr ; Cefh Barog ; Bryn-mxwt ; 
Moel Fodia ; (Mynydd-y-Qaer ; Llan* 
efjrdd, M*Coy). 

Frid-y-fedwen. 

Bryn-mawr; Ffydd-y-Fedwen ; Mynydd 
Tryfan ; Moel Fodig $ Cefii Baiog \ 
Fron-fawr. 

Bryn-mawr ; Capd-y-rhiw ; Moel Fodig ; 
Frid-y-fedwen ; Mynydd Tryfim ; Cdh 
Barog ; Fron-fiiwr ; B. Dee, S. of 
Llangollen ; Mynydd^y-gaer. 

Dinas Bran (M*Coy). 

Frid-y-fedwen. 

Bryn-mawr ; Mynydd Tryfim ; Capel-y* 
rhiw. 

Mynydd-y-Gaer ; Bryn-mawr ; Fron- 
fawr J Moel Fodig ; Capel-y-rhiw ; 
Llangollen. 

Cefii Barog ; Mod Fodig ; Dhias Bran ; 
Welshpool ;Mynydd-y-gaer J Llanefydd. 

Frid-y-fedwen. 

Bryn-mawr ; Frid-y-fedwen j Mynydd 
Tryfim ; Fron-fiiwr ; Moel Fodig. 

Llangollen. 

Mynydd-y-Gaer ; Llanefydd, near Buthin; 
Welshpool. 

Llyn Alwen (M'Coy).]* 

Bryn-mawr ; Mynydd Tryfim ; Capel-y- 
rhiw ; Biver Dee. 

Frid-y-fedwen. 

Bryn-mawr ; Fridd-y-Fedwen ; Mynydd 
Tryfan ; Cefii-Barog ; Fron-fawr. 

Moel Fod^. 

Bryn-mawr ; Capel-y-rhiw ; Mynydd 

Tryfan. 

Dinas Bran. 

Frid-y-fedwen. 

Fron-fawr; Capel-y-rhiw? 

Moel Fodig. 

Capel-y-rhiw ; Mynydd Tryfan ; Bryn- 
mawr ; Yr Allt; Welshpool ; Mynydd- 
y-gaer; Llanefydd. 



y" 



* I feel sure this is a miital^e. It is a wholly Lower Silurian form. 
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Cardiola striata 9 Sow. - 

C, n. sp. 

CucuUeUa coarctata, Phill. 

C antiqua. Sow. 

C, 8p. - - • 

Cienodonta anglica, D*Orb. 

C levata, M'Coy, not Hall 

Cyclonema^ with three keels 

C, sp. - 

Murchiaonia Lloydii, Sow. 

JIf., 2 sp. 

Hciopeua gracUiar, M*Coy 

iCf.y sp. - - - 

Loxonema sinwwi, Sow. 
Ewomphalus funatuSj Sow. ? 
BtUerophan trilobaluSf Sow. 
£. carma^itf, Sow. ? 
TT^eca Forbesii, Sharpe - 
Orthoceras Sedgwicki, Forbes 
O. pereJegafUf Salt 
O. prtifUEmim, Forbes 
O. gubundultUumf Portl. - 
O. ftu/Zafum, Sow. 
O. ventricosum, Sharpe - 
O. JaqueatuMy Hall 
O. tenutcifichcm, Portl. - 
O. tracheaUf Sow. 
Lituitea articnlahu. Sow. 
Protaster Sedgwicki, Forbes 



Mynydd Try&n. 
Tyn-y-pwU ; Mynydd Tryfan. 
Dinas Bran (M'Coy). 
Mynydd Tryfon. 
Fron-fawr. 

Do. 
Dinas Bran (M*Coy). 
Bryn-mawr. 
Frid-y-fiedwen. 
Mynydd Tryfan. 
Frid-y-fedwen. 
Dinas Bran (M*Coy). 
Mynydd Tryftn. 
Fnd-y-fedwen. 

Do. 

Do. 

Do. 
Dinas Bran (M'Coy). 
Frid-y-fedwen. 

Do. 
Capel-y-rhiw ; Tyn-y-pwll. 

Do. 
Llyn Alwen (M*Coy). 
Bron Einion ; Pen-y-big (M*Coy). 
Dinas Bran (M*Ooy). 

Do. 

Do. 
Welshpool (M*Coy). 
Dinas Bran. 



No trace of the Ludlow rocks proper has been discovered in the N. Welsh 
i^on. It is not certain that they do not occur there. But as no definite 
physical or paleontological line can be drawn among the slates and grits of the 
Denbighshire series we must omit them. 



The conglomerates which occasionally underlie the mountain limestone of 
Flintshire, according to Sedgwick's obser^'ations do not contain any fossils, 
and may be Lower Carboniferous rather than belong to the Old Red Sand- 
stone. 



I must now describe chiefly the new or more characteristic species of the 
district : but as the Cambrian fauna is so scanty, I take advantage of these 
pages to figure and describe the long-neglected Oldhamia, It is not yet 
known to occur in Wales, but its occurrence there may be almost certainly 
predicted. I searched for it in the Cambrian grits^ nealr Bangor, in vain. 
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FlantSD. 

Rare as are all remains of true plants in Silurian rocks, we vet cannot 
doubt that the more calcareous Alf^ie would leave their traces benind them ; 
while the merely cellular mass which forms the frond of ordinaijr sea-weeds 
could leave at most but a carbonaceous stain. It is probable, mdeed, that 
many of the black slates so frequent in Lower Silurian rocks owe their colour, 
at least in part, to decomposed Algae. It is certain that these must have 
existed, if only as the food for the humblest of marine animals. But we have 
scarcely any definite proof of their occurrence in British Silurian, though 
so often quoted under the name of Fucoids : a term, as I have elsewhere 
shown, which had better be expunged from our lists. 

Oldhamia, Forbes. 

The Oldhamia of the Cambrian rocks can scarcely be otherwise than a cal- 
careous coralline (not a coral), and the best recent authorities agree with me in 
referring it provisionally to plants, and not to animals. Mr. Busk, no mean 
authority in this question, rejects it from the Polyzoa, There is no good 
evidence that it belongs, as Prof. Forbes and Dr. Kinahan thought it did, to 
the SertulariadiBf and the Rev. Mr. Berkeley suggests Acetabularia as its most 
likely ally. 

Moreover the structure, though obscurely jointed, shows no trace of definite 
cells, such as the Hydroid Polypes, or the Polyzoa would present. But 
great latitude in this respect may be allowed for sea plants of the Nullipore 
group ; and I shall describe Oldhamia as one of these. 

[ do not doubt that the two species belong to different genera. Prof. 
Goppcrt in his Flora Silur. Dev. uiid Unter-Konl divides them into Oldhamia 
ana Murchisonites, comparing the O. radiata with the Tirocoleum of Cayenne, 
or more readily with the Tolypothrix coactilis of Jutland. He gives the 
characters of the genus thus, — abbreviated, 

Oldhamia (O. radiata, Forbes). — Frond of tufted filaments, sessile, radiated, 
much branched. Branches [excentric?] close set, simple, dichotomous, or 
forked. 

Mvrchisonites (O. antiqua, Forbes,) he defines as follows: — Frond with 
geniculate jointed flexuose stem, giving off at the angles secondary ramuli, 
united at their base into fan-shaped fronds, which are bifid, either from the 
base, middle, or apex, and compares it fairly enough with the living lAagora 
ramellosa, Kiitzing, a Teneriffe sea-weed. 

lliese analogies seem all striking, and indicate close study. But in truth, 
Oldhamia must have had a calcareous structure to have been preserved at all, 
and the comparison with the Acetabularia seems the best under all the drcum- 
stances. Prof. Goppert does not seem to have perceived that the hard fila- 
ments must needs have been connected by a membrane, now quite destroyed ; 
and that the fronds must have been sufficiently hard to impress the sandy 
deposits in which they are imbedded. 

Prof. Kinahan's important paper on Oldhamia in the Transactions of the 
Ro^ Irish Academy, gives elaborate figures of the radiated species ; but he 
laboured in vain to convince me of the presence of the vesicles he thought he 
saw. llie cells being inflated, give a spurious appearance of such structure. 

1 prefer keeping such obscure fossils in a single genus, as first described ; 
and as the characters of the species are those given above for the genera, I 
need not repeat them. 

O. radiata, Forbes. 
PI. 26, figs. 4, 5 ; and variety, or new species, figs. 6, 7. 
O. radiata, Goppert ; Flora Silurisch. Devonisch. Unter-Kohl, PI. 34, figs. 1,2. 
For the synonyms and localities see p. 6, Baily, Geol. Mag. 1865, vol. ii., 
395, f. 5. 

O. radiata, var discreta, Kinahan, see p. 242. 
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O. antiqua, Forbes. 
PI. 26, figs. 1-3. 

For sjnonjms and localities, see pp. 242-244. Murckitonites antiquus, 
Goppert, 1. c. PI. 35, fig. 1 . 0. antiqua, Bailj, Geol. Mag. 1865, 1. c. f. 3, 4. 

These fossils are as yet known only in the Wicklow mountains, the O. 
antiqua being the more rare ; O, radiata is found in plenty at Bray Head. 

Amorphozoa. 

Jschadites antiquus, new sp. 
Fig. 4. 




A fragment merely, and hence not very easily compared with more perfect 
species. Yet as the rhomboid areolao are very narrow, Le., the intersecting 
lines cross one another at an acute angle, the species may well be kept apart 
from the better known J. Kaniffii of the Ludlow and Wenlock strata. Moreover 
the longitudinal and transverse lines are very faint compared with the oblique 
ones. In the Upper Silurian species they are strong and deep. 

It is not, I thiuK, generally known that the genus occurs commonly in Lower 
Silurian rocks. A fine specimen, of a new and un described species, with 
strong projecting spines on the fibres of the areolae, is found near Llangollen. 
And this specimen shows, what is seldom seen, the attaching root fibres, branched 
and divergent in the muddv matrix. Again, a fine Ischadites is found in the 
Caradoc hmestones of Sweaen. 

Several species yet undescribed occur in the Woolhope and Wenlock shales 
of Malvern and Usk. In fact a mass of material has now accumulated for the 
illustration of the Amorphozoa of the Silurian rocks. We have some of the 
genera so beautifully illustrated by Romer in his '' Silurian Fauna of Tennessee " 
(Astylospongia), with others more regular in form, which appear to be widely 
diffusea in Europe and Asia (Sph<erospongia), And there are many others, some 
with calcareous spicula of enormous comparative size. 

Locality, — Upper Llandeilo ; Gam, Arenig Mountam, lying inunediately 
on the traps. 

Zoophyta. 

Nebuliporafavulosa, Phill. 

Mem. Geol. Surv., vol. ii., pt. 1., pi. 30., f. 3., (Llandeilo flags,) var. hm: 
Nebul^pora lens, M'Cov, Pal. foss. Woodw. Mus. pi. 1 c. f. 7 (Caradoc strata). 

I have transferred the only figure we had engraved of this species to the 
Caradoc plate, because I believe the above varieties to be such, and not of specific 
value. The dusters of fertile cells are about the same sise in both, but leas 
regularly hexagonal in the only Llandeilo specimen we have. The inter* 
mediate cells are smaller, when compared with specimens of the same aiie 
from Caradoc beds, — and also less regularly hexagonal. 

These differences may be enough to constitute a distinct species in the eyes 
of some naturalists, but I think they are mere varieties. The Caradoc form u at 
first simply lenticular, or rather plano-convex, but becomes in age highly 
convex, sometimes gibbous. It grows fully two inches wide. 

Locality, — Common (the var. /3) all through the Caradoc or Bala districts of 
Shropshire and Wales^ The original species from near Llandeilo, S. Wales, in 
Upper Llandeilo. 
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Eohinodermata. 

Glyptocrinus ? (Ccsloerima, n. g.) bamUi, MK}oj. 
PL 23, fig. 4; 4a. b., pelyu; 4d., rings of stem ; 4 c, mns and fingers. 

basaUi, M'Coy, Synopsis Woodw. Mus., pi. 1 D., fig. 4 ; Siluria, 2d. ed., 
Foss. 29, p. 206. 

Better specimens than M'Coy possessed nhaw clearly that this cannot be 
referred to Olyptocrintts, inasmuch as it has subradial or paralMsal plates, as in 
Rhodocrinus. Mr. Billings has given diamms of a species of the latter genus, 
(Decade 4, Canadian Survey, pi. 1), whicn would fit well generically with our 
fossil, but differs entirely in aspect and proportions. The genus 7%ysanocrinus, 
with which he considered his Jthodocrini identical {see his p. 27), may or may 
not be comparable with that genus. I have no means of judging. But 
Tkystmocrinus is not safely identifiable with the present fossil, since it has 
but a small cup, with scarcely radiated plates, a minute pelvis (I almost doubt 
it to be more than the edges of the upper stem ring), and altogether a different 
aspect. 

1 should propose Cctiocrimu for this fine laige fossil, had I not a veiy 
decided horror of multiplying generic groups in an overburdened fiimily. 'We 
have cone now tax enough in analysing the cup of the various crinoid genera; 
and the time is come for some good naturalist to show us what ate and what 
are not essential characters in this portion, which is after aU only the antambu- 
lacral surfacei equivalent to the upper surfiice in staofish, where it is of little 
generic value. 

At present we have no certain clue among the affinities of this complex 
group. MiiUer's divisions are excellent as far as they go, and the nomenclature 
of the parts established by De Koninck the most convenient of alL But we 
have too many genera. 

I shaU give M'Coj^'s diagnosis, with additions; and the formula for the genus 
Calocrinus, if genus it be, would stand thus : — 

Stem, rimple, round, hollow, the canal very large. 

Basal plates, 5, large and distinct. 

Subradial plates, 5, hexagonaL 

Radial plates, 3x5. 

Inter-radials on all sides, numerous. 

Interbrachials, many. 

Arms, of a single row of bones, 10. 

Hall does not give the number of arms for Tkysanoerinus, nor do his figures 
show it. Rhodoerinnt has 20, Glyptocrimu at least 20, ours has certainly ten 
only, with a double row of plates richly feathered with long tentacles. 



The stems of this species are very long, quite cylindrical, of numerous dose- 
set rings alternately lar^ and smaller, and widely hollow within so as to 
leave a large central cavity. The cup is semipyriform, about 1 J inches long, 
strongly marked by 6 great radiating ridges forked half way up ; the pelvic 

Slates wider than high, and much thickened internally, the subradial plates 
j>elvic, M'Coy) hexitfonal, slightly longer than the primary radials, these are 
3 in number, marked by a strong ridge which forks at 60° in the upper one. 
Three secondary radials are ridged in like manner ; the ridges strongest towards 
the edge of the cup. The inter-radials and interbrachials are numerous. 

There is a curious character in the pelvic plates, when viewed on the inner 
surface (I cannot see a trace of it outside): each pUte has a numljer, varying 
from three or four to more than a dozen, of minute sharp tubercles, which are in 
pairs, the pair being divided by a slender ridge. These tubercles indicate, of 
course, an eoual number of shurp indentations on the cast, which an arranged 
along the edges, or at the angles of the plates, or more commonly still on 
either side of the feint radiating ridges. In the cast they strikingly resemble 
the Burfiioe pores of the Spharonites, wUh which they may possibly have more 
to do than appears likely at first sight. They do not mark true perforations in 
ihe plates. 
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All the plates seem to have been thin, and show considerable variety in form 
^m slight pressure. All are marked hj thick radiating ridges, those on the 
radial pktes being bv far the strongest. 

Professor M'Coj does not mention the arms, which (in fig. c.) are seen to 
be short and broad, veir unequal in length, one arm at least being greatly 
longer than the rest ; — ^the joints short, but apparently not in double rows, the 
plumes very long and made up of compressed joints. The number of arms is 
only 10, and they are unbranched. 

Tlie stem-rings are the most easily recognized portions of this fossil, which, in 
fragments, is as characteristic an one as can be named in the Caradoc series. 
Loose stem-rings of it, easily known by their wide central canal, are scattered 
over all the sandy slabs of slate near Bala Lake, and in the Berwyn Mountains. 
The perfect pelvis is not uncommon, especially near Meifod in Montgomery- 
shire. 

I/oca/t7y.— Caradoc rocks. — Everywhere in Wales. Figs, 4, 4<i., Guilsfidd, 
near Meifod ; fig. 6, near Llanwddyn, m Berwyn Mountains; figs. 4c., 4d., Bala. 

Cyathocrinus, — sp. 
PL 11 B., fig. 9. 

A fragment, not half an inch long, composed of alternating joints, larger and 
smaller, and with a rounded outline. The section of the stem is pentagonal, or 
rather 5-partcd, and the central canal veiy small. 

It is the oldest crinoid known in the firitish rocks, and is clearly distinct 
from Glyptocrinus, the Caradoc fossil. The veiy small canal and angular stem 
would alone separate it. There are species of the genus Cyathocrinus with 
5-angled stems, but the name must be considered rather as a family — than as a 
generic— one. 

Locality, — Lower Llandeilo, W. of Stiper Stones, Shropshire. 

Cyrtidb^, Von Buch. 

I 

Of all the species known of this curious tribe, none are so abundant as some 
of those which figure in our plate 20. First recognized as British fossils by 
M'Coy, who described a large and common Irish species from Wexford ; the 
British Cystidea received scientific arrangement, and a fall discussion, at the 
hands of Forbes, in his excellent essay in the Memoirs of the Survey, vol. ii., 
pt. 2. 

Von Buch and Volborth had previously described the Russian species, and 
established the main genera ; and later than all, the clear synopsis by Joh. 
MiUler, translated from the Berlin Transactions of 1853 hj Huxley in 1854,* 
has rendered the arrangement and description of the CystidetB an easier task 
than could previously have been supposed. 

In truth the group, numerous as it is, and variable as the species are in 
form (and mode of preservation, an important item in the case), is very definite 
in character, and it is not now at all difficult to determine the genera, whatever 
may be thought of the claims of the several si}ccie8. 

Billings' discoveries in Canada have largely tended to illustrate the subject, 
and his work is admirable so far as it goes.f And the later volumes of Hall 
are full of good material. 

The whole group is essentially in contrast >vith the contemporary but much 
longer-lived companion group, the Crinoids, With globular bodies, scarcely 
showing any oral surfia.ce, short inconspicuous stems, and for the most paii 
rudimentary arms, which, indeed, seem to be sometimes absent altogether, or 
reduced to a few tentacles, the contradiction of character, in the Cystidea, as 
compared with the long stems and plumose arms of the Crinoids, must s^ike 
even a casual observer. The rhombs and pores on the surface are hardly less 
remarkable characters, and in the form they assume peculiar to the group. 

The pores are considered, whether concentrated in the peculiar rhombs, as 
in Echinoencrinus: covering the surfoce of all the calycine plates, with canals 
connecting them, as in Echinospharites; or simply scattered in pairs over the 



* Annaltt a&d Mug. Nat. Hist.. 2nd Heries, vol. zUi., p. ^12. 
t Canadian Organic Remains, Decade 8, 1858. 
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snrfiM^e, as SpJueromtes; to be analogous to the respiratory pores of Asterias, and 
not to be passages in any sense for suctorial feet. 

M Ciller's synopsis is as follows : — 

I. Cystidea ^th pore rhombs, i.e., with the pores united by long canals, 
which extend from one plate to another, and are either — 

a. Universal over the calyx, but covered over by external calcareous 
plates ; the pores, therefore, only being visible at the ends of the 
canals: Ex. Hemicosmites, Caryacriniu. (Upper and Lower 
Silurian.) 
6., c. Universal, but connected from plate to plate by single or double 
canals, open on the surface, and visible, therefore, between the 
pores which they connect. In some species the canals are single 
(b), or even one canal serves for a row of pores ; in others (c) two 
or even three or four canals are supplied to a single pair of pores. 
EekmospluBrites, CaryoeyUites, (which last genus seems to be only 
a subgenus of the former). (Lower Silurian.) 
d. Pores and canals restricted to special portions of the surfiice, hence 
the species possess only a few pore rhombs. Echinoencrinus, 
Psetutocrmus, ApiocvstUes, and several other genera. (Upper 
and Lower Silurian.) 
n. Cyttidea with double Pores {Diplopofitidai)i the connected pairs being 
on the same, not dimsrent plates. Sph4Brofntes, Protoerinites, Glypto- 
mlutrites, (Lower Silurian.) 
IlL Uystidea without pores. Cryptocrinites, (Lower Silurian). 

It is worthy of remark, that of all the genera, which are strictly Silurian, 
the only forms proper to the Lower Silurian are the two last, and those with 
universal pore-canals open over the surfoce. Of the others, those with covered 
pores are either Upper or Lower Silurian. And the genera with few pore 
rhombs, occur also m both formations, but more especially in Upper Silurian. 
We have figured, pi. 20, the British forms given in Forbes' Memoir, reproducing 
the principal figures from his plates. And on the same plate have inserted 
the Edrioaster (Ayelacriniies) Buchianus, fig. 13., which he regarded as a 
Cyttidean, but which Billings has shown to be nearly allied to the starfishes. 

We will reverse the order of these groups, and begin with the truly Lower 
Silurian forms. (No Cryptoerinites are known in Britun.) 

Sph4er(mites pyrifomUSf Forbes. 

PL 20., f. 1, 2. 

Caryoeystiies pyrtfomds, Forbes, Mem. Geol. Surv., vol. ii., pt. 2., pL 21., f. 1. 

The elongate, pouch-like form of this species easily distinguishes it from 
any other, and its pairs of pores are scattered evenly, but thinly, over the 
surface. The pores of each pair are also remote from each other, being 
separated by a prominent oval boss, encircled by a depressed line. ^Vhen the 
surfooe is worn, this line becomes a raised border surrounding a slightly convex 
area. There is no furrow or depressed space to connect the pores, nor are they 
in any case sunk below the general surface, as in the two nexfc species. 

LoeaUty. — Caradoc or Bala Limestone, Rhiwlas, Bala. Collected, as were 
an the other species in this locality, by Prof. Edward Forbes and Mr. R. Gibbs. 
(Mus. Pract. Geology.) 

Sphteronites muniius, Forbes. 
Caryoeystites munitus, Forbes, 1. c, pi. 21., f. 3. 

A sub-fflobose, short, and rather minute species, not above half the size of 
the preceding, ftx)m which it further di£Pers by the unevenly scattered pairs of 
pores. The pores of each pair are closer together, and set in oval depressions 
with a somewhat raised border. 

Around the square mouth are four tubercles, which have their upper surfaces 
flattened, and may have borne arm joints. One of them especially is larger 
than the rest and more decidedly truncate. A thread-like ridge runs from one 
to the other of these bosses, and borders the mouth. The ovarian 7 aperture 
is verj large. I do not see the six plates covering it, which Forbes has figured, 
and doubt them. 

Locality, — Caradoc, Rhiwlas, Bala. 
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Spkmrcmites punetatui, Forbes. 

PL 20., f. 7. 

Spharonites punctatus, Forbes, 1. c, pi. 22., f. 2. 

A large globular species, very common in the Bala limestone, but of which 
only enou^ is preserved to show the specific dharactera. It might possibly 
be a GlyptospJuerites. The mouth was produced as in 8. piriformis, out the 
shape was much more globular, and apparently not attenuated at the base. 
The ovarian ?* (or anal) pyramid is very low and fiat, and not divided visibly 
into any segments. 

The pores are close set, very many on a plate, each pair linked together by 
a narrow and rather deep channel, with a slightly raised edge when the sur- 
face is perfect. When it is abraded, the pores alone show on the surface. 
Usually the straight short channels, huddled in irregular fashion over the 
plates, appear more like a rough sculpture than a structural snangement. The 
pores appear, from one tolerable specimen, to be very rare near the base, and 
those of eadh pair are placed wider apart, with, of course, a longer chanud 
connecting them. 

Laeality. — Caradoc, with the last, at Rhiwlas, Bala. 

We also figure the following species from South Wales. They will assuredly 
be all found at Bala by a careful search. 

Spheronites lAtchi, Forbes. 

PL 20, f. 4. (3?). 

Caryoeystites lAtehi, 1. c. PL 21, f. 2. 

There are two forms, and, I fear, two species, figured under this name in 
Forbes' paper, nor are the specimens quite good enough to show us the limits 
of the two species ; our fig. 3 is one of these, a species with large plates, and 
numerous, but not closeljr set, scattered pores, irregularly placed, and seated in 
small oval excavations, with a slightly raised border, on the surfiM^e of plates 
which, though tolerably even, are sculptured and granulated ; fig. 4 o also 
belongs to this species. It is common at Sholes Hook, Pembroke (Caradoc). 
But not being sufficiently figured here, I will not give it a name; indeed. I fed 
little doubt it is S, munitus in an older state. It has the oval tubercles and 
square mouth and scattered pores. Fi^s. 4, 4 a, 4 b, represent the true S, IMcki, 
in which the siurfiEtce of the plates is thickly and evenly covered by areoUe, with 
raised thread-like borders separating them, and each bearing in its centre a 
ragged tubercle, which carries the pair of pores. It is the raised border of the 
pores highly exaggerated, and the reverse of the usual character in the genus, 
which has, on the whole, excavated channels for pores on an even surface. The 
pores of each pair are near together on the general surface of the body ; but, 
nearer the mouth and its curious tubercles, tne pores begin to elongate and 
crowd each other into a sort of radiate structure. In some specimens near the 
mouth this structure is so much shown as easily to suffgest to the naturalist a 
passage to those genera, Echinospharites, in which the dongation of the channels 
and the elevation of their borders is normal and constant. 5. lAtchi may be 
looked on as a transition species, and a pretty one it is. The resemblance to 
the tropical fruit lAtchi is veij close, but it required a botanist to see the 
analogy. Fig. 4 5 is, as stated m the explanation of Forbes' plates, a magnified 
view of Fig. 4, and therefore it must be regarded in a reverse sense, the 
hollows being taken for elevations. 

The curious epaulette-like tubercles, which border the mouth, are mors 
developed in the o. lAtchi than anv other, and are deeply striated or ridged is 
a radiate direction from the moutti. I must ^\}xt these CysHdem at some 
future opportunity, if better hands do not take them up ; for much more is 
known of the group now than was known in Forbes' time, and his researches 
paved the whole way for it, in England at least. 

LocaUty, — Sholes Hook (Caradoc). 



* I strongly suspect Mr. E. Billings is right ; this is the anal, not the ovarian, pymnld. 
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SpkaroMtes $ieUul^eru», n. sp. 

PL 20, fig. 6 (6 a wrongly figured). 

S, aurantium, Forbes, Mem. Geol. Survey, vol. ii., pt. 2, PL 22, figs. la,b, . 

It was not a bad idea to put this species among the multiplied varieties of 
E, tturanHum, for it really is allied to it ; yet it differs in nearly aU its characters. 
What is regarded (Forbes, supra fig. 1 a) as the base is really the epauletted apex, 
and assuredly the external ornament (here figured, 6 a) has been much ex- 
aggerated to suit the view taken of its affinities. It is fiir too much radiated ; 
and I only give it in the hope of calling attention to the fact that the common 
northern species, E, aurantium, has never been found in Britain, unless the Ech, 
granulatus of M'Coy be, as Forbes suspected, the same species : it is very like 
it. S. stelbUiferus, however, tends yet more closely than S. LUchi to unite the 
Spharonites with the Eckinosplutntes. It has longer radii to the pairs of pores, 
and these are so arranged round the periphery of the plates, and extend usually 
so Uttle into it, as to suggest the strongest analogy with the radiate surfiice- 
<»>i%TiTM>lf of E, OMraniwm. Moreover it occasionally happens, though rarelv, 
that the linked pores are on opposite plates ; while I have observed near the 
mouth of Ech. aurantium that the two ends of the pore channels are sometimes 
on the same plate. Further observation will doubtless increase the points of 
transition, which in nowise tend to destroy the value of the genera. 

A sub-globular and rather smooth species, with large polygonal plates, 
covered loosely with linked pores in narrow linear oval simk enamels, which 
vary in length firom twice or less their diameter to five or six times that pro- 
portion. They are not provided with raised borders, and are arranged radiate- 
fashion, chiefly near the edge of the plates, but in part irregularly, the radiate 
pattern being sometimes obscure. 

The mouth is oval?, not produced, its edge simply thick and incurved, and 
round it are arranged five, not four, of the epaulette-like tubercles above 
described in iS. Litchi, We had unfortunately figinred the internal cast only 
before I found out it was a new species. The su^suse of the cast is covered 
with numerous projections (very like fig. 4 c), due to the numerous pairs of 
pores. As there are no traces of the jwre-channels interiorly, there can, of 
course, be no radiate arrangement on the inner cast. 

Fig. 6 a represents the outer surfsM^e, but, as above said, highly exaggerated 
as to the radiation. Nor ia the central tubercle conspicuous, and I cannot 
help believing that Forbes had allowed his artist to figure a portion of the true 
foreign Aurantium to make up for deficiencies in the British specimens supposed 
identical. Such mingling of figures, however, must be condemned, as tending 
to create concision. It is introduced here, to call attention to it, and prevent 
future mistakes. 

LocaHtf, — Sholes Hook (as above), Cabadoc. 

Eckmoapherites araehnoideus, Forbes. 
PI. 20, fig. 8. 

Spharonites, Forbes, 1. c, PL 22, fig. 4. 

This exquisite species is too well marked, and has been too folly described 
by Forbes, to need firesh illustration. The peculiar dose'stiiation is a good and 
striking diaraoter. 

ijoeo/t^y.— Caradoc, Sholes Hook, Haverfordwest. 

Echmospharites Balthieus, Eichw. 

PI. 20., f. 10? 

SphtBTomtesBaUkicut^Totbta (also figured by Eichwald, Von Buch, Hisinger,&c.) 

There is no doubt about this species, which is common in Pembrokeshire, but 
more rare at Bala. I keep it distinct fbr a while from the following, which, 
however, may be only a variebr. 

Iioca/^.*--CARADOC, S. Wales and N. Wales. 

Eckmo^harites DavisH, M'Coy. 
PI. 20., f . 9. 

Caryocyitites Davitii, Forbes, 1. c. PI. 21., f. 5. C. granatwn, id. (not 
Wahl.) f. 4. 
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In the simplicity of its ridges, this fossil differs from the E. Balikicus, with 
which Prof. M'Coy seems to think it cannot be even compared. Judging 
from Westmoreland specimens, however, it is likely to be, as Forbes suggested, 
closely allied to that fossil, if not a variety of it. The main ridges have fre- 
quently one on each side of them, the remaining space being flat, while E, 
Balthicus has ridge within ridge to the middle of the triangle. 

The pore-channels are only faintly nuirked as radiations round the plates. 
But the concentric lines are strong enough in all the specimens. 

I think the true E, granatum must be a venr different species, judging from 
the figures. But, as I have not seen it, I will not pursue this further. The 
two figured liy Porbes will best agree with E. Davisii, McCoy. 

Locality. — Caradoc, Rhiwlas, Bala; Coniston, Westmoreland. 

Hemicosmites oblongus. Pander. 
PI. 20., f. 11. 

Forbes, 1. c, vol. ii., pt. 2., p. 511, pl. 20., f. 6. {Echinospherites obUmgus of 
Pander. Beitr, t. ii. (quoted as xi. oy Forbes), f, 22, 23? 

I think Forbes is right in referring to this figure by Pander, though he does 
so doubtfully. But the figure itself is so imperfect as to justify any amount 
of doubt, and by mistake tne wrong plate is quoted. 

JiOcalUy, — Caradoc slates of Sholes Hook, Haverfordwest. 

H. rugatus, Forbes. 

PI. 20., f. 12. 

H. pyriformis. Von Buch? Forbes, 1. c, vol. ii., pt. 2., p. 511., pL 20, 
f. 2-5., H, rugatus, id. in. vol. ii., pt. I., p. 302. {Echinospharites malum^ 
Pander. Beitr. t. xxix. f. 1 a.) 

It is to be wished that Forbes had retained his originally proposed name, 
H. rugatus, for surely there is little resemblance between Pander's smooth and 
only slightly ridged fossil, and this with strongly radiated plates. 

Locality, — Caradoc, Sholes Hook, Pembrokeshire; Llanfyllin, Bala, N. 
Wales. 

Pleurocysiites Rugeri., n. sp. 

PL 23, fig. 5. 

Fragments of this genus occur in the Bala limestone itself, and also in beds 
of the same age in South Wales. But these are so imperfect, that instoul of 
figuring them 1 shall give the outline of a perfect specimen from South Wales. 
It is only the internal cast, and shows the interior shape of the rhomb-bearing 
tubercles which ornament the surface, as well as the minute plates which cover 
one surface or side. 

Our specimen shows a part only of one of the two long-jointed arms which 
are the characteristic mark of the genus ; and for perfect figures I must refer to 
Billing's beautiful plates in the Decade of the Canadian Survey iii., pis. 1, 2. 
Our species differs from P. squatnosus, Billings, the species most like it, in the 
broad base, short form, and highly ornamented plates. P. filitextus, which 
appears from his description to come nearest in sculpture, has lai^e plates od 
the lower (or irregularly plated) side. 

The pectinated rhombs of this fine broadly-triangular species are very pro- 
minent, and fiat or even convex above. The upper ones lie transversely, and 
are three times as long as broad. The lower rhomb is closer upon the cordate 
base of the cup than in any other species, so that the central area of the upper 
surface is conspicuously Ic^e. The basal plates project over the stem con- 
siderably. The upper plates are very thick, and their outer margin angular; 
the surface with tne usual 6 strong radii reaching from centre to centre, with 
fainter intermediate rays branchmg from these; the interspaces filled with 
tubercles arranged in more or less of a concentric fashion. The lower or 
squamate surface is rather large, irregularly bounded by the marginal plates, 
and covered with minute, convex, granular scales. 

Locality, — Caradoc, Blaen-y-cwm, near Llandovery, S. Wales. 
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AsteriadsB. 

Paksaster obtusus, Forbes. 
PI. 23, ^. 1. 

Mem. Geol. Survey, Decade I., pi. 1, fig. 3; Salter, Annals and Mag. Nat. 
Hist., 2d ser., vol. 20, described. 

P. unciaUs, depresso-conoexus, brachiis obtusis subconids breoibus, [insuper 
reticutato-spinosis, Forbes]. Osdcula adambulacralia maxima transversa, punC' 
itttosetdpta. Ambulacra angusta. 

The great breadth of the short arms is shown in Forbes' figure quoted above, 
but his specimen was not good enough to show the shape of the wide plates 
that boraer the narrow avenues, nor the deep punctated sculpture. The 
avenues are deep and narrow, the cavities for protrusion of the feet large and 
round. The avenues do not extend quite to the small mouth (and this is rare 
in starfish), towards which the adamoulacral plates first become very narrow, 
and then appear actually to unite across the end of the ambulacrum. The 
upper surface is not known, but it was to all appearance not spinose. 

Locality. — Caradoc or Bala ash-bed, west of Bala Lake; also Waterford, 
see Decade, I. above quoted. 
* The Asterias prinueva of Sedgwick's fossil lists may be this or the next species 

Paheaster asperrinnu, Salter. 

PL 23, fig. 2. 

Annals and Mag. Nat. Hist., voL xx., 2d. ser., pi. 9, fig. 1. 

P. triuncudis, convexissimus : brachiis fere cyUndricis, obtusis, Pagina superior 
iubercuUs I2'fariis plurinUs exasperata, nee eoronata. Ambulacra profunda, 
ossiculis magnis, acuticarinatis, angustis, tratisversis. 

A larger spedes than the last; and with cylindrical blunt arms, having a very 
convex upper surface covered with close-set tubercles. Beneath, the avenues 
are deeply sunk, and the bordering rows of bones (adambulacnd ossicles) wide, 
composed of transverse narrow bones, becoming narrower towards the small 
mouth ; but apparently not united across as in the last species. 

These transverse ossicles are very convex, sharp edged, the ridge rising in 
some parts into tubercles. The smiul madreporic tubercle may be seen between 
the angles of the arms. The form of the species is not unlike that of Asteriscus 
crassus. Gray. 

Locality, — Caradoc. A pretty species discovered in the Quakers' burying 
ground near Welshpool. Two specimens have been found, and more should be 
Bought for. 

Pakeaster imbricatus, n. sp. 
PL 23, fig. 8. 
P. rigidus, uncialis. RadU breves conici, nee ad basin valde expansi, subcari- 
nati, tt&ercuUs seujugis obliquis remotiuscuUs asperi. 

Ray conical, its length about five lines, its breadth at base less than two lines. 
0|plytwo rays are preserved; these are convex, slowly tapering, somewhat cari- 
nate above (we do not see the lower side), and ornamented by tubercles gathered 
into curved oblique rows, which run forward from the avenues toward the carina 
above, and are separated from each other by a space little more than their 
own breadth. 

Locality, — Caradoc rocks, Uaniyllin, Montgomeiyshire. The specimen is 
in the collection of Mr. Prosser. 

Protaster? (Tteniaster) Salteri, Forbes. 
PL 23, fig. 3. 
Opkiura, Quart. GeoL Journal, voL i., 1845, p. 20; Protaster!^ Siluria, 2nd 
ed., p. 208 ; Annals Nat. Hist., 1. c. 

P f disco nullo ? brachiis lanceolato-acuminatis, {qncibus attenuatisfilifomUbus, 
supeme ossiculis latk concavis nee omatis ; ore parvo (vix petaloideo ?). 

This small species, long lost in the drawers of the late Professor Forbes, 
after he had given it the above name, was recovered some years since, and is 
now in the Woodwardian Museum, Cambridge. It was found, — a solitary 
apecimen, in an old roadside quarry, among millions of Orihides and other 
common Lower Silurian shells. 

5342. T 
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'I'he specimen shows nothing of the disk, and might therefore, if we could 
fully admit the genus Ttsniaster, be placed in that obscure generic group 
described by Mr. Billings in 1858. If they are not Protasters that have 
lost their disk {see Siluria, p. 208) they must be admitted to form a distinct 
genus, and the name is a good one. The way in which the oral pentagon is 
formed is certainly different from that of Protaster, Only the large triangular 
terminal plates of the series which border the avenues enter into the composition 
of the mouth plates, while in Protaster proper, an elegant series ci ogives is 
formed by the addition of the modified plates of other parts of the s^cture 
(of the ambulacral plates certainly), and most probably of the disk plates, 
in other words eacn ogive is formed certainly of four, and probably of 
six plates. It may well be said, therefore, that Taniaster has a simple character 
to distinguish it. But this only appears to be the case in T. spinosus. The 
T. cylindricus is much more like Protaster j and as our species differs some- 
what from both, I prefer to leave it in the genus Protaster for the present, as a 
general designation for the Ophimroid Silurian Starfishes.* 

lliis little species, scarcely more than three-quarters of an inch broad from 
tip to tip, differs in its slender whip-like arms from all the other species of 
Protaster or Tesniaster, The arms are broader at first, a little fusiform, and 
then suddenly tapering to a long slender end, — composed of numerous segments, 
the transverse measure of which is fiill twice their length. The lateral plates 
are oblique, short, much overlapping the succeeding distal plate, and furnished 
with short spines. The basal plates are triangular, not very large, in pairs, 
not closely placed, nor bending toward each other. The arms above (we have 
only the internal impression) were marked by a narrow channel, the plates 
deeply concave over more than half their surface ; — ^the edge nearest the month 
being thickened and curved. 

Locality, — Cabadoc Slate. Pen-y-gaer, Cerrig-y-Druidion ; North Wales 
(specimen in the Woodwardian Museum). 

Agelacrinites, Vanuxem. 

E<brioaster, Billings, Canadian Decades, No. 4, 1858 ; Cyclaster^ Billings, 
1857, not of Cotteau, 1856. 

I confess I do not see the grounds on which this group has been divided, 
especially by Mr. Billings, whose beautiful illustrations of the genus, in the 
Canadian Decades, leave very little to be desired. But he has not definitely 
stated the grounds on which his new genus Edrioaster is founded. 

Agelacrinites of Vanuxem f is supposed to be a decidedly sessile body, while 
the species described by Forbes as A, Buchianus is apparently not so; Hemi' 
cystites of Hall is also described as closely adhermg to the shells of 
Brackiopods, 

Still, as we do not know how far the less depressed form (Edrioaster) may 
have been attached, it is unsafe to alter names, except on better grounds thm 
have been stated. And I therefore prefer to retam the name Agelacrinites 
for all the Silurian species. 

It had no stem, at least the jointed quadripartite stem figured by Forbea»in 
his plate, and supposed by him to be connected w;th it, was never found in 
juxta-position, and could not be a part of it. Moreover, Forbes does not make 
mention of the large buccal teeth, of which the marks are plainly evident, and 
which were first noticed in it by Prof. Wy^dlle Thomson in » visit to pur 
Museum. 

These teeth, which must I suppose represent the ''lantern " in the BcUma, 
help to show the near union of the genus with Echinooystites of Thomson, an 
Upper Silurian form, which I wish he had named Svh<eraster. 

In my view, both of these genera are sub>fflobuiar forms of Asteriadm^ an 
opinion which Prof. Thomson does not share, out which seems to be definitely 
supported, so far as the fossil we are describing is concerned, by Billings' 
authority : he would form a new group, the Earioasterida, to include these 
Palaeozoic forms. I think it would not be difficult to show in the group so 
constituted a relation to the Echinida, and I should include Echinocystites and 
PaUeodiscits in it. 

• * They are true JMeriadat notwithstaudlns their form, ho ouriously iUustrativo of ili« 
Brittle stan. See Annals Xai. Hist, for 1861, vol. zx., Sd. ser., PI. 9, f. L 6. 
t Geol. Rep. N. York, p. 168. 
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A. Buekianus, Forbes. 
PL 20., f. 13. 
Mem. Geol. Survey, voL ii., pt. 2, pi. 23, figs. 1, 2 (only). 

The snrfboe of the plates is granular, but I can see no trace of spines ; nor 
can I see the chain-like pairs of pores on the puckered membrane, as figured 
by Forbes in his fig. 7, I think the artist has been deceived by the imbrication 
of the small calcareous plates which covered this surfiMse. 

The five indentations figured by Forbes, fig. 6, are clearly present, as stated 
by Wyville Thomson in ms paper on Echinocystites (EdinD, New Phil. Jour., 
1861, p. 8^, and there is a great thickening of the oral ossicles, just within the 
mouth. All this is verv confused in his figure, which, however, shows the anal 
pyramid of plates ; and Forbes' fig. 8 shows (what he did not fiilly appreciate) 
the oval casts of the ambulacral pores, for the passage of the feet. Mr. Billings 
hes recognized these in his transverse section of Emoaster, and we have proof 
therefore that the so-called arms were ambulacra thickened interiorly. The 
ossicles had even the vaulted position common in recent starfish, and were, as 
in Uraster, thick and parallel, except where the feet passed. As in all the 
Silurian starfish, these suckers were in a single row. 

Locality, — Casadoc rocks at Yspytty Evan, N. Wales. 

Annelida. 

Cruziana, D'Orbigny (Voyage dans L'Amerique Meridionale). {BUobiies 
in the plates.) 

A group of large and remarkable fossils, doubtfully refened by its discoverers 
first to Articulat^ and then (with less probability) to plants. The specimens 
consist of more or less elongated and convex impressions, deeply furrowed 
down the middle, sometimes quite bilobed, and from the median line the sides 
are plaited in an oblique direction, so as roughly to imitate leaf venation, 
lliey are of considerable geological interest, very similar forms oocoiring in the 
Silurian rocks of Spain,* Normandv, Britain, and North and South America. 
In Europe they are, as far as yet known. Lower Silurian ; and are all of an 
elongated form, and occur in sandy strata. In the new continent they are 
of a shorter and rounded shape. Sir E. Logan has brought fine specimens 
from the calciferous sandstone of Canada, and in New York and the Western 
States the genus occurs under the form of C. {Rysophyctu or Fkieoideg) bUoha^ 
Vanuxem, as high as the Clinton group or the upper part of the Middle 
Silurian. These broader forms have been mgeniouslv raened bv Prof. Dawson 
to the burrows of Crustacea (trilobites) ; but I think mef cannot belong to them. 

Cruziana semipUctUay n« sp. 

PL 3, figs. 1-^. 

Salter, in Rep. Brit. Assoc., 1852, Trans. Sect. p. 6; Siluria, 2nd ed., p. 45, 
Foes. 4, fig. 3, p. 45. 

Descriptum, — Linear, several inches long without diminishing in breadth 
(extremities unknown), often an inch and a half broad, the central furrow 
strong, the sides convex and bent down below the level of the furrow. Plaits 
numerous and dose, nmple or branched, oblique, and reaching from the furrow 
more than half way to the edge; the remainder of the sides is smooth. The 
plaits are generally simple, terminate abruptly at the smooth portion of the mar- 
gin, and are nearly equal in length but of omerent thicknesses ; occasionally they 
are branched from near their origin, and sometimes new ones are introduced as 
they proceed outwards. Oocasionallv they are fasciculated in twos and threes, 
and branched once or twice on their forward edge, the branches ceasing as th^ 
inosculate with the next plait. The specimen figured (fig. 6) shows pretty 
clearly that the frond has thickness, and was either a sojft cylinder or a hollow 
one, the broken extremity showing the opposite fiioe, and the cylinder having 
been filled with sand of a somewhat different colour to that beneath it. 

The great suifftoes of arenaceous flag in which I found these fossils are oou- 
siderab^ above the lowest layers of Uie Lingula beds. Tliey occur near the 

* M. Prado, director of the Bpaniah GeologicAl Surrey, has seat ua spedmens from the Lower 
Silurian rocks of Ahnaden, ana these are beautiAiIly finired in his luxnrioiu 4ta work on the 
ProTinoe of Madrid. 1864. 

T 2 
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Slate Quarries, Bangor, at the head of the short glaeier-marked valley Cwm 
Graianog,* and form the great shelving precipices of the east face of Camedd 
Ffiliast. From the mode in which the matted smrfaces of Cruziana and the 
cylindrical bodies called Chondrites occur on the rippled-marked faces of the 
beds, it is most probable that the latter are the tubular contents of worm tubes, 
or rather the rejectamenta from their bodies 8s they passed through the silty 
layers. It is by no means certain that Cniziana too, though at present generally 
arranged among fucoids or sea-weeds^ may not have been a worm tube or 
burrow filled up also ; and I shall here adopt this opinion. 

I had the good fortune myself to find ttiese specimens, and endeavoured in 
vain to learn whether the convex surfiELces of the fossils were on the upper or 
lower sides of the beds : the specimens are abundant, and they in all probability 
occur on the upper surfaces ; but only small portions of this particular bed could 
be observed in situ. Many of the precipitous faces are finely ripple-marked. 

Locality. — " Lower Lingula Flags," Camedd-y-Filiast, near thePenrhyn 
Slate Quarries, Bangor ; Maentwrog, North Wales ; also beneath the Stiper 
Stones, Shropshire (possibly this is only an alb'ed species), Mus. P. Geology. 

Annelide Burrows {Chondrites, ^c), 
PI. 3, fig. 4 ; pi. 4, fig. 13, &c. 

Such remains as these, of an irregular cylindrical form, and from a line to 
an inch in diameter, are frequent enough in the sandy strata of the localities just 
mentioned. They often appear branched, but this appearance is almost alwa]|rs 
traceable to the crossing of the tubes over one anotner. They are nodose in 
parts, thickening and thinning again without any apparent regularity. Lastly, 
th^ are made up entirely of the sandy material of the stone itself; or, where any 
difSerence is observable, it is commonly the case that the substance of the worm- 
like bodies is of coarser and even purer sand than the matrix. 

Chondrites acutangulus and C. informis (M'Coy) (Synopsis Pal. Foss. 
Woodw. Mus.^ PL 1 A., figs. 4, 5), are clearly of like origin. 

I believe that even the branched fucoids (where such are clearly branched 
and not merely formed by crossing tubes) must be referred to similar agency, 
but these peculiar forms do not require discussion here. 

Localities. — In the Lingula Flags, almost everywhere; near Bangor, 
Maentwrog, Ffestiniog, &c., and in all the succeeding strata here described. 

Scolites (Annelide Burrows). 
PI. 12, fig. 2. 

These are the ordinary fillings up of worm tracks in the sandy mud, which 
I have ventured elsewhere to distinguish for convenience sake as Scolites, from 
the vertical double burrows, Arenicolites. 

Locality. — Hard sandstones at the base of Lower Llandbilo shales above 
Penmorfia, near Tremadoc ; (quarried) 'lliese are also common in all Lower 
Silurian rocks. 

Arenicolites {linearis. Hall ?) 

PL 12, fig. 27. 

Scolithus linearis. Hall, Pal. N. York, vol. i., pi. 1, fig. 1. 

I do not see how we can distinguish species among these burrows, except 
for some marked peculiarity in the form or arrangement of the burrow. Simply 
looped burrows of the same size, and in a very similar rock to that which in 
America is called the Potsdam Sandstone, were found plentihilly by myself, 
and afterwards by many observers, in the Stiper Stones, Shropshire. (See 
Woodcut 2, p. 243, supra,) 

Locality. — Lower Llandbilo or Uppxr Tremadoc? Stiper Stones, 
Shropshire. 

Scolecoderma. 

I propose this term for all such membranous tubes (often much compressed) 
of worms, found in palicozoic rocks, as are clearly not referable to the more cal- 



• BamsBy. Quart. Geol Joum., voL viii., p. S76. 
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careons, or at least semicalcareous, tube of Serptdiies, They are rerv common. 
In a few cases it is possible we may mistake impressions of sea- weed for these ; 
but thdr position in the beds, often vertical or oblique to them, will determine 
that they do not belong to sea-weeds ; and the want of any branches or sub- 
division of the frond \nll also tend to distinguish them. Sometimes they 
are cylindrical, more often compressed, and we may distingaish this con- 
venient but artificial genus, comprising probably many different genera of 
worms, from the conunon ScolUes by its having clearly possessed a wall or 
tube, which renders the cast easily separable from the matrix, while Scolites 
only represents the track of the buirow. Though here instituting the genus, 
I am a little doubtful of the first described species. 

Scoleeoderma f tuberculata, n. sp. 
PI. 5, fig. 24. 

Two inches and a quarter long, and one quarter of an inch broad, when com* 
pressed, and studded aU along with a double row of tubercles (in pairs opposite 
to the segments?). 

This is really iJl the description that can be given of the membranous fossil 
before us. It is a single cylindrical tube, not branched in any way, as a fncoid 
would be ; and the tubercles are scarcely such as would be produced by patches 
of fructification. Still it has much the aspect of a sea-weed, and many would 
be disposed to refer it to that dass. For reasons above given, I do not think 
it likely to be a plant. 

Locality. — Lower Lingula Flags. Pentre-felen quarry, near Wem gate, 
on the road f^m Portmadoc to Cricdeth, Caernarvonshire. 

Crttstacea FhyUopoda. 

Hyfnenocaris, 

Carapace ample, semioval, narrowed towards the front, curved downward at 
the sides, but not angularly bent along the dorsal line; no external eyes; 
antennae ? ; abdomen as long or longer than the carapace, of nine transverse 
segments, the last with three pairs of unequal lanceolate appendages. 

H. vermicauda, Salter. 

PI. 2, figs. 1-4; pi. 5, fig. 25 (abdomen ; and pi. 1, tracks of do. 

Salter, Reports Brit. Assoc. Belfast 1852 (p. 63.) 

H. bi-triuncialis, capUe amplo, a latere visa trigono,plus quam dimidntm corporis 
totius eficiente. Abdomen elongatum articulis 9, anHcis paullulum UUioribus, 
posHcis angustioribus, ultimo (etpenultimo ?) quadrate, reliquis trantversis. 

The characters of this crustacean, abundant in the upper portions of the 
true Lingula Flags, have been pretty fully given in the reports above quoted, 
but a few additional observations are necessary in explanation of the ligures. 
¥igs. 1, 2, 3, in pi. 2, represent the materials, such as tney are, from whidi the 
restored figure 4 is made out ; and in one or other of these all the parts may be 
detected, though a good deal altered by pressure. I have in this fig. 4 omitted 
the three appendages to the head, for which fig. 3 appears to afford justification, 
because in no specimens subsequentiy found (and many have been found since 
by the geologists of Portmadoc) has any trace of these abnormal inarticulated 
appendages oeen found. Moreover, they have so suspicious a resemblance to 
the tail spines, though not a trace exists of an abdomen crushed beneath the 
carapace m fig. 3, that it is hardly safe to trust to the mere accident of their 
position in a single specimen. 

The carapace is convex, very thin, and shows a marginal furrow along the 
posterior border. 

The nearhr perfect abdomen {^g. 1), presented to us by Mr. J. E. Davis, 
shows the front segment narrower and smaller than the rest, and obliquely 
truncated on the sides. The abdominal joints appear to have been nine in 
number; thevfit closely together, and their edges project very little, nor are 
they recurvea (in this species) at the hinder and outer edges, but truncate. 
They must all have been convex like the carapace, from the appearances thej 
present under pressure. They were probably, m the first five or six joints, four 
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as wide as long, and gradually increase in length and diminish in 
h hackwards. Tlie surface of the carapace and ho^ s^^ents is covered 



times 

breadth 

by short wavy lines. 

The last segment bears a number of appendages, formerly supposed to be 
four or five in number ; but the new specimen figured in pi. 5 shows that there 
were six appendages — an outer short pair equal in length to the last segment, 
and then a smaller pair lying parallel and close together within these. 

The tail-spines may have folded together, except when the animal re(|uired to 
Expand them, as in many living Crustacea; and when united, they might very 
probably form such an orfjran as could, when the creature swam near the 
bottom, have produced the mdented marks on the slab figured in pi. 1. As 
such they have been described in detail in the Quart. Joum. Geol. Soc, 
vol. X, p. 210. When it was supposed there was one large spine, see fig. 4, as 
in Ceratiocaris, of course this exptanatiou was easier still, but probably the two 
large spines lay dose together. In all probability this is a Phyllopod crusta- 
cean aJilied to UeraHooarts, from which it differed essentially by its entire (not 
bivalved) carapace, as in the recent Nebalia. The crust was vary thin. The 
caudal appendages alone would separate it from any connexion with Pterygoha 
and its uJies. 

Looalitiei, — ^Lowbr Linoula Flags, in fine sandstones (with LingtUMi 
Davitit), Gwem-y-barcud (fig. 3) $ Moel-hafod-owen, and other places near 
DolgeUy ; at Tremadoc, Ffestiniog, and at Pont Seioiit, Caernarvon, fragments 
apparently of this species occur. 

LmgtUocaris, 

A thin bivalve crustacean shell, with a general form like that of a Modioia or 
MytUtts, with scarcely prominent beaks, and no ? hinge teeth ; the suriw^ of 
the carapace is covered by fine raised concentrio linear 

lAnguU)car%$ ImguUBocmes, n. sp. 

PL 10, figs. 1, 2. 

' VhciaUs et ultra, tenuig, transversa, ovalis. Umbo tix jsromnens anterior, 
Margo anticus rotundas, posticus subtruncatus. Superficies lineis tenuissimis 
creberrimis perfecta, 

A bivalved thin carapace, one inch and two lines wide, and only half an inch 
across the widest part, which is near to the posterior subtruncate end. The 
umbo very little elevated, but apparently convex ; the anterior end rounded and 
short, the general surfecegently and evenly raised, with, however, an indistinct 
obtuse siphonaJ ridge. The hinge margin is straight, shorter than the length 
of the shell, with no appearance of a hinge, but wim an inflexed margin. The 
general shape is that of a Modioia or Sanguinolites, for which it was first 
taken. I owe the hint that it might be a bivalved crustacean to Professor 
Huxley, and I think it very likd^. 

The name lAnguUecomes was given, as a most appropriate one, by Professor 
M'Coy, to what he believed to be a LameUibranch enell occurring with the 
lAngula, In reality, these were no more than specimens of the lAngula shell 
pressed laterally, and so made to assume an imsymmetrical shape, see p. 334. 
As this, however, is truly a shell, either of some oivalve or crustacean, it is not 
unadvisable to use the specific name employed by M'Coy, and so reoogniie 
his diligent work among the old fossils. 

Locality, — ^Uppbr Trbmadoc, Grarth. Mr. Ash's cabinet and Mus. P. 
Geology. 

Ceratiocaris F laius, n. sp. 

Woodcut 6. 



Pig. 6. 




u 



CEDSTACEA. 290 

Four body legraeota (only) prwerved. Thej are lotaj times u wide as 
long, arched forwardB, and taper backwarda very rapidly, so that the fourth b 
only half the width of the first ; the outer ends are rtrongly recurved, and 
produced into short points. 

This differs so remarkably from HymenoeaTit eertaieauda that we cannot 
doubt its being a diS^nt species, and very probably it belongs to the follow- 
ing spedes, provisionally referftd to Ceratiocori*. It must have been very abort 
and broad ; and, therefore, whether it beloogs to Ceratiocari* or not is impos- 
sible to decide without the carapace or Utter trady joints; the portions 



CeratioeariM f intperaluM, n 
Woodctttfi. 



I1g.8.Ptttoftliel«Mbody This fossil may well be- 

s»inent,a. ; and the three taU> long to the same speeiei as the 

flimics, b. c. i., CabinM of Mr. preosdtns. 
Ht«i*aT. 



Tail spines 3 (or 5 ?] ; the central one lanceolate acute, at least an inch long, 
with a central ndge and marginal ridgea ; its base expanded. Bide aplnes 
(e. if.) three-quarters of an inch long, about the same breadth, but with only 
ma^^inal lidgea for it is possible there are two sjnnes on each side, of which 
the outer is raily naif an inch long. This is hardly likely. Last body segment 
(o.) broad, with ftioA ridges. 

It is difficult, Aom this single but precious fragment, to determine accuratdy 
wbether the ude spines e. d. be composed of two elements or not. Analogy 
leads OS to expect a form in these rocks with fewer appendages than Hjmaut- 
earii, and more than Ceraliocani, which is an Upper Silurian genus. 

But on oloM examination of the aide apinea, nothing more seems necessary 
to explain the double markinga than the impreaaion of the maiginal ridftes <n 
tWQ Mde temmtr. There are two, more or less distinctly seen, in all species of 
CtraHoaait, and only two. 

honaiUy. — Dark grey shales, passage from the Lower Tbbuadoc to 
Uppbb Tumadoc slate (near the iron beds), Penmorh, Portmadoc. 

Beyrichia eampUeala, Salter, 
n. 19, fig. 9. 

Mem. Geol. Sonr'.. voL 2, pt. 1, pi. 8., fig. 16. PaL foss. Woodw. Mus., 
Appendix, p. 136, t. I.K., fig. 3. Jones in Ann. and Mag. Nat. Hist., 3nd Ser., 
VOL IB, p. 163, pi. 6. fig. 1^. 

1 merely reproduce the original figure of an extremely common fossil in 
Lower Silurian rocks. The genus Beyrichia baa a range from, I believe, the 
Tremadoc beds, certainly from the LLandeilo rocks, — to the Coal Measures. 
The species are usnally characteristic of the several formations; B. Klodau, 
perhaps, having the widest distributioii. 

Locality. — Upprb Llandbilo rocks, S. Wales. Caxadoc Stbata all over 
WalefiStia also in Scotland. 
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Trilobita. 

Fam. — Agnostida, The lowest and most mdimentarv fonn of Trilobite. A 
single genus includes all we know of this group ; and though departing, in 
all technical respects, from the general character of the Trilobite, there can be 
no doubt Agnostus is a true member of the order. Without eyes, without &cial 
suture, with only two body rings, and with scaicely a distinction between the 
cephalic and caudal portions, it forms as it were the root or stipes from which 
all other varieties of the group take their rise. Ampyx is blind. TrinucUMs 
has no facial suture. Ulmms has the head and tail equal and similar. But 
these abnormal characters are all combined in Agnostus^ which certainly repre- 
sents in an adult state the embryonic forms of more perfect Trilobites ; and it is 
one of the oldest known fossils. 

Agnostus. 

Though greatly resembling in some respects the young stages of higher 
forms, Agnostus shows at once its mature character by uie possession of a 
caudal shield, as well developed, and generalljr quite as large as, the head. 
The surface too is frequently ornamented, espedaUy the border, and the lobes 
are well marked out both in the cephalic and caudal portions. The leading 
character of the Trilobite family — ^the facial suture — is alt<^ether absent, and 
there are no eyes. 

It is instructive to find this most rudimentary form associated with 
other genera in which all the characters of the group are fiilly developed, in 
the same primordial zone. But it is to be noted, that either by excessive 
reduction, as in Agnostus, or excessive multiplication of segments, as in Para* , 

doxides, the genera at this early period exhibit a defective organization as i 

compared with those of later formations. There is no sort of equality in 
organization between an Olenus or Agnostus, and a Phacops or PhUUpsia, 

Agnostus princeps, n. sp. 

PI. 4, figs. 2-11 ; pi. 5, fig. 1. 

A, pisiformis, Salter, in Siluria, pp. 53, 45, foss. 4 and 9 ; compare with 
A, exsculptus, Angelin, Pal. Suec, t. 6, f. 8. Decades Geol. Survey, No. 11, 
pi. 1, fig. 1-6. 

A. latus, 7 lineas Umgus, scutis rotundato-'quadratis, ad Umbum rugoso^adiatis. 
Glabella subconica, tuberculo cenirali antico: sulcis duobus transversis, lobis 
basalibus magnis instructa, sulcoque verticali ad marginem ducto, Annuli corporis 
bint, valde nodosi, Cauda axe magno rotundato,fere per totam caudam extenso, 
Margo edentuhis. 

More than half an inch long, with rounded-quadrate shields, the limb of 
which is radiated with rough branched striae. The glabeUais three-fourths the 
length of the anterior shield, tapering and pointed in front, with a short 
anterior lobe, and a dividing ridge running from it to the narrow front margin. 
The axis of the tail is broad, full five-sixths the length of the shield, with two 
transverse furrows at its origin, and with a veiy large rounded temunal lobe ; 
an elongated tubercle on the middle of the tail axis ; a smaller one on the 
glabella. No marginal spines, not even on the tail. 

The largest of all known species, except the Scandinavian forms, A. reticula' 
tus, A. aculeatus, Angelin; from both of which it differs by the radiate, not 
reticulate limb. It is much more like a smaller species. A, exsculptus, ib. ; but, 
if AngeUn's figure be correct, the ghibella, and tail too, differ widely. The gla- 
bella is short and altogether simple, without terminal lobe or central tubercle, 
and the tail axis is narrow, and a good deal like the glabella of our fossil. 
The general aspect is much the same, but I cannot unite them without sup- 
posing much imperfection in the Swedish figures. * 

Locality, — UppbrLingula Flags, Penmorfa Church, and Carreg-wen farm 
near Portmadoc, North Wales, 1860. Also in the shales of Whiteleaved Oak, 
&c., Malvern ; (coll. by Mr. Strickland). Tremadoc Slate; Portmadoc. 
Lower Llandsilo, St. David's Head, Pembrokeshire ? 

[I subjoin a description of the Swedish species ; that it may be seen in 
what respects this long-known primordial species differs from others, and 
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especially from the A, M'Coyii of the Llandeilo flags, under which name I 
have designated the species common in the Llandeilo flags of Britain, and 
which was formerly published in the Silurian System as A. pisiformis, 

Agnostus pisiformis, Linn. 

Syn. — Entomostracites paradoxus mdpiitiformis, Linn ; Iter. Scan. 122 ; Syst. 
Naturae, ed. 16, vol.iii, 160 ; E. pisifomus, \Vahl ; Agnostus pinformis, Brongn. 
(1822), Crust. Foss. pL 4, fig. 4 ; Angelin (1852), Pal. Suec. t. 6,^,7: A.plani- 
Cauda, ib. t. 6 fig. 9, variety. 

Spkc. Char. — A. ekmgatus, 5 Uneag longus, valde trilobus, capite pygidioque 
Qoaii^runeaHs, UevUnts. Giabella longicomea, in duos partes, antieam trigonam 
parvam, posticam obUmgam, divisa, Cauda axemagno longo lobaio, apice cdtusoj 
margunbus angustis brevideHtatis, Lingula Flags of Sweden.] 

Comparing then the Swedish figure with that given in the Silurian System 
of the next described species, it wUl be seen that the general shape of A. pisi- 
formis is much longer, and the glabella narrower and more pointed ; its upper 
lobe instead of being larger than the lower is much snmller. There are also 
considerable difPerences in the caudal shield. It has a much longer axis than 
in A, JkPCogH, crossed by a . veiy foint transverse furrow. As to the range of 
the two species, A. APCoyii is as yet only known in the Llandeilo flags, and 
the true A, pmformis in the Lingula group. 

A. M'CogUy Salter. 

PL 13, fig. 8. 

Sp. Char. — A. obUmgus, depressus, capite pygidioquerotundatis, et adthoracem 
ecniraetis. Glabella obkmga, antick vix incrassata, in duos partes subtequales, 
posticam circularem, anticam lunatam sulco divisa, lAtnbus undique aqualis, 
iineis impressis radiatis sape notatus, margini angusto, Cauda capiti simdlima, 
sed axe clavato, lobe terminali majori semielliptico, mediano transversa brevi- 
tubercuiato, lobis anticis prominulis. Margo distinctus, brevidentatus. 

Stn. — A.pis^ormisF Murch. Sil. Svst., pi. 25, fig. 6 (fig. 4 in text), not of 
Brongniart; Di^Ufrrhina triplicata, M 'Coy (1851), Pal. Foss. Woodw. Mus., 
pL IE., fig. 11 Tnot of Corda] ; Agn, M'CogH, Salter (1854), in Morris' Catal. 
Brit. Foss., 2nd'ed.; Siluria, 2nd ed. pi. 3, figs. 7, 8; Id. Decades Geol. 
Survey, No. II. pi. I., figs. 6, 7. 

A frequent fossil in the black Llandeilo flags of Builth in Radnorshire, and 
Shelve in Shropshire, but as far as I know, not found elsewhere. It accom- 
panies the Ogygia Buchii and Ampyx nudus, and seems, like many others of 
its genus, to have delighted in a habitat of black carbonaceous mud, now 
converted into shale. It is fully described in Decade 11, and I therefore only 
give the diagnosis here. 

Locality. — Upper Llandeilo Flags, S. Wales. 

Agnostus trinodus, Salter. 

PI. 19, fig. 8. 

A. brevis, semittncialis. Caput suborbiculare, glabelld convexd, vix | capitis 
longd, integrd; limbo convexo. Cauda transversa, convexa: axe minuto conico, 
vix dimidium cauda eficiente, utrinque bilobo, tuberculo magno. Limbus posticus 
convexus, h margine bispinoso et ab axe profundi sejunctus. 

Syn. — Trinodus agnostiformis, M'Coy, Sil. Foss. Irel., pi. 4, fig. 3 ; in Pal. 
Foss. Woodw. Mus., t. 1 E., figs. 12, 13 (not %. 11) ; T. tardus, ib., fig. 9. 
[A, glabratus, Angelin, PaL Suec. t. 6, fig. 5] ; Agnostus trinodus. Decades 
Geol. Surv., No. 11, pi. 1, f. 8. 10; /3, convexus, Salter, in Mem. Geol. Surv., 
vol. ii., pt. 1, pi. 8, f. 12, 13. 

The original figure in the Memoirs of the Sun^ey was not quite satisfactory, 
for the tail segment (from decomposing limestone near Haverfordwest) had lost 
its axis-fiirrows and its marginal spines. It is replaced by better specimens in 
our Museum, from Ayrshire. The head has been found more abundantly than 
the pygidium, and is at once distinguished firom all other British published 
forms (indeed from all except the kindred species A, limbatus) by the sim- 
plicity of its glabella, in which, and many other points, the species closely 
resembles A* tardus, Barrande. 
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As I have fully described this and other species for Decade 11 of the Survey 
Memoirs, I will content myself with pointmg out the differences between our 
species and the Bohemian one. M. Barrande when in England saw our species, 
but did not identify it with his own, nor are they, I believe, to be identified. 

There is no trace in Barrande's excellent figure of the slight lateral indentation 
in the glabella, which indicates the position of a furrow; nor of the lateral 
spines to the tail; they are also absent in the allied Swedish formal, leniu 
fbrmis, Angelin. But the A, glabratus of Angelin, a Caraddc form from Besstorp 
in Vestrogothia, is far more like, and if I might suppose that the artist had 
made the form too elongate, and drawn the tul axis too large, I should consider 
it identicaL The body rings in the Swedish species are vety clearly shown 
(and ours should be sought for). The Second ring diflEierB a good deal fitom 
the anterior one. 

These three species, ^ii. tardus, A. glabratui, and A. trinodmi, would certainly 
make an excellent subgenus, distinguished by the absencft of glabella funowi. 
But I do not, any more than M. Barrande, wish to cut up tnis most natural 
group, and thererore regard Trinodiu, M'Goy, {Artkrorkkohii, Gcnrda,) as a 
section or subgenus only. 

There was a wrong refiirencd in my first description of this speoiet, for I 
<luoted Professor M'Ck>y'B synontm fbr the A, Umbahu, next described^ regarding 
both as varieties of the A. trinoaus, and giving the present one the varietal name 
P. convexus, M'Coy corrected tins error in the Cambridge work, where he 
again figured two imperfect heads of the species. I hope now to have remedied 
aS our deficiencies by the excellent specimens figured in the Decade, and chiefly 
obtained by Professor Wyville Thomson from Ayrshire. 

LocaUti&8. — Garadoc. — Haverfordwest in two or three places ; Bala and other 
localities in North Wales; Chair of Kildare, Ireland; Penwhapple Bum* near 
Oirvan, Ayrshire ; Shineton, near Cressage, Shropshire. 

A. Umbaius (not here figured). 

A. trinodta, Mem. Qeol. Survey, vol. ii., pt. 1, pi. 8, fig. 11 (not figs. 12, 13, 

which belong to the Irue A, trinodw), 

Sp. CaAn,^A, ohlongus, depressus, [^Caput orbieulare, glahelld conpexd, 
hrevi, integrd, limbo depresso, antid angustato, cum margine piano fere ctm- 
fiuenti, nee sulco disHncto circumscripto,'] Cauda semieircularis, lata, depresso, 
axe elsvato conico, basi ad thoracem articulatd, laid; lobis anticis truntgwatis, a 
tubercuh mediano oblongo sefunctis : lobo terminali fere dimidium axis ^ficiente, 
apice acuta : limbo depresso subplano, cum margins confluente. 

The tail is alll rely on for the establishment of this species ; for the head, 
although found at the same place and very probably belon^ng to it, is not so 
different from that of the last described species as to make it certain it belongs 
to this. Like the tail, however, this head has the broad flattened margin, 
scarcely distinguished by any definite furrow firom the slightly convex limb. 
In admtion to this character, the glabella, which resembles that of A. trinodus 
in shape, reaches further forwards than in that species, so that there is not so 
great a width in front of it as on the sides. The posterior edge is broken, but 
tiie lobes of the neck segment seem to be smaller and narrower. 

The tail is three lines wide and two lines long ; truncato-orbicular, depressed 
except on the axis which is elevated, and distinctly circumscribed, though not 
by an impressed furrow. It occupies less than half the length of the tail, and is 
of triangular conic shape, pointed at the apex, and broad at the base next tiie 
thorax. The anterior portion has a nair of lateral lobes, triangular, transverse, 
and rather convex, partly separatea by the oblong median tubercle, which 
reaches from hence to the oeginning of the terminal lobe, where it ends abruptly. 
The intermediate or middle pair of lobes are about as broad as the basal ones. 
The terminal lobe is Is^e, occupying less than half the length of the axis, and 
is marked off by an obscure furrow. 

The limb declines gently from the axis, without any separating furrow, and is 
of equal widi^ at the sides and end. The margin is flat, not so broad as the 
lunb, frt>m which it is only separated by a shallow depression all round. There 
is an obscure trace of a lateral tooth high up on eacn side. The anterior edge 
of the tail is furnished with a distinct articulating portion (as in all the species 
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when Bufficientlj perfect) and on the side-lobes the anterior ed^e is marked off 
by a deep groove. 

With A, trinodus, the head supposed to belong to this species agrees very 
nearly, and only differs from it m the absence of the deep marginal ffroove, 
and in the less width of the hmb in front. The tail h&a less resemblance, 
and in the great depression of all but the axis, and the conic or pointed form 
of tha^ portion, differs entirely. The proportions of the axis, limb, and border 
also separate A. limbaius from either of the Swedish species A. glabratm and 
A» lenttfornM. I do not know of any other witlf which it can be compared. 

Professor M'GWhas united the species with the A, tardus, Barrande; an 
identification which cannot be muntained, for that species is all but identical 
with A, trinodus, 

JjocaUty, — Cara DOC— Wexford (Survey coll.). 

Agnostus, sp. (allied to A. Umbatus), 

PI. 11a, fig. 7, and woodcut 7. 

Decades Geol. Survey, No. 11, pi. h fig. 12. 



Fig. 7. 




His is only the caudal shield of a species resembling the A. nudus of Beyrich 
(more like that species than any British one). T^ central portion is but 
ftdntly marked out, but is smaller in proportion to the Innb than in the Bohe- 
mian species. 

The length of ^e pygidinm is less than two lines. It is long-semioval, the 
border concave, and is nearly as broad as the axis, which is half the length of 
the tail, not very strongly marked out, and has a small anterior tubercle. 

The (kradoc or Llan&ilo flag species A. Umbatus, Salter, is somewhat like it 
in the broad and somewhat duplicated border, but differs in the much smaller 
axis, and more backward position of the central tubercle. Our species, imper- 
fect as it is, is distinct from, and lies midway between, this species and the 
Bohemian A. nudus, a primordial form. 

Locality, — Lowxb Llandxilo, Tai-hirion, west of Bala, collected by 
myself in 1853. 

Fam, Olenida, 

A large and ill-defined group, in some respects leaning towards the Catymemda, 
in others pecuUar. The trilobites composing it are : — Long-bodied« with many 
free segments in the thorax, and very few (generally) in the post-abdomen. The 
OleuidiB are thus the very reverse of the Agnostida, whicn always bear them 
eampany. They range thus in geological time. — 

Primordial, abundant. Lower Silurian, rare. 

The fiunily is not known to occur above the Caradoc, where the genus TViar' 
thrus and Cyphoniscus show abnormal characters, and the group dies out. 

Paradoxides IhcksU, n. s. {Forehkammeri on plate). 

PL 4, ^. 12. 

P. Forchhammeri ? Salter, Siluria, 2nd ed., 1859, p. 45, Foss. 5, f. 2 ; Decades 
Geol. Surv., No. 11, pi. 10, f. 9 (not of Angelin). 

Our specimen must, when perfect, have been more than 3 inches long ; 
klihough veiT incomplete, enough remains to show that the species is distinct 
from anv of the Bohemian ones, unless it maybe F,Bohm.icus, and from 
either of the three iSwedish species described by Angelin, except P. Forch- 
hammeri, to which I was therefore formerly obliged to refer it. 

But there are several points in which it agrees with the latter species and 
dJiSers from P. Bohemicus. The glabella is widely davate, and the furrows 
su;ross the base are parallel, or nearly so. The body rings, of which we have 
only 16 preserved, nave the axis considerably narrower than the pleurae, and 
the latter have only short points, and very obbque grooves. The second pleura 
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is not elongated, nor at all wider than the third, another point in which it 
differs from P. Bohemicus, hut in which P, Forchhammeri does not offer means 
of comparison. But in the proportionate length to their width, the pleurae 
agree much better with the Swedish species, the length being rather more thaa 
three times the width ; while in P. Bohemicus it is rather less. 

In both P. spinosus and P. rotundatus of Bohemia, and P. Tessini of Sweden, 
the two basal glabella furrows, besides the neck farrow, run quite 8tronj(ly 
across. Our species therefore does not need comparison with them, as it has 
only one transverse groove abore the neck furrow ; the rest are veiy obscurely 
indicated in this specimen, which has been much compressed in an obUque 
direction. 

Locality, — North Wales (exact locality uncertain, probably near Dolgelly). — 
(Certainly Lower Lingula Flags, for the same species, together with a veiy 
much larger form, the P. Davidis, has lately been described from the Lower 
Lingula beds of N. and S. Wales, and proves to be a new species. — 
J. W. S., 1865.) 

Several species of Olenus are now added to the British list. The originally 
described one, here again figured, is thi 



Olenus micrurus, Salter. 
PL 2, figs. 5, 6, 

Decade IL, Geol. Survey, pi. 9 (1849) ; Siluria, 2nd ed., p. 45, Fobs. 4, fig. 2; 
Lyell's Elementary Manual, 6th ed., p. 573, fig. 663. 

The above references will indicate where this now well-known species has 
been figured. It is not, however, by any means a common fossil, and it is 
necessary now to distinguish it from the following species, which appears to be 
the ordinary form in the lower black shales of Nortn Wales. It is easily dis- 
tinguished from 0. cataractes by the incomplete and oblique lower glabeUa 
fuiTOws, the shape of the small smooth subtruncate tail, and by the abrupt 
narrowing of the hinder body rings, which also have the fiilcrum placed nearer 
than half way out from the axis. 

Localities. — Lower Lingula 2<7a^s. — Trawsfynydd; Dolgelly; MarchllTn- 
mawr ; Portmadoc ; all in N. Wales. 

Olenus cataractes, n. sp. 
PI. 5, fig. 23. 

Nearly an inch and a half long, ovate, blunt at both ends, the head wide, 
nearly one inch broad ; the body much narrower, tapering regularly to the tail. 

The head is subtruncate ; the glabella moderate in size, parabolic, not so 
broad as the cheeks, reaching forward nearly to the narrow front margin, and 
about the width of that margin distant firom it, furnished with two pairs of 
furrows, of which the lower are complete across. The eye is nearly as far 
forward as the fbront of the glabella, and somewhat remote from it. The hinder 
angles of the head abrupt and short, scarcely reaching the fourth segment, the 
spines directed backward, not outward. 

Body rings 15, their axis convex, in all the segments nearly as broad as the 
pleurae, which regularly decrease in length from before backwards ; they aie 
obliquely pointed, with short spines directed outwards, but very little backward. 
The fulcrum of the pleurae is placed beyond the half, even in the hinder rings. 
Tail short, seraioval, with a very wide axis, of three rings, and the sides with 
two furrows. 

This has been for some time in the cabinet as a variety of Olenus mtcrums. 
But closer examination shows many points of difference, the chief being that 
the axis is equally wide with the sides, and these last taper regularly, not 
abruptly as in 0. micrurus. The tail is even more easUy distinguishable, the 
width of the axis being greater than that of the sides ; it has three rings, 
mcluding the terminal portion ; and there are two lateral furrows, not one only. 
O, cataractes has 15 body rings, 0. micrurus 14. The head is much like that 
of 0. micrurus, but the lower glabella furrows run quite across. Compared with 
the Swedish O. truncatus, the greater breadth of the cheeks, and the longer 
more parabolic form of the glabella, wjll distinguish it. I do not compare the 
caudal portions, for Angelin s figuie indicates some inaccuracy in this part. 
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Localities. — Lower Lingula Flags. — Maentwrog WaterftJl, Merioneth- 
sliire, in black shale strata full of Agnostus pisifomiis; also at Treflys, east of 
Criccieth, Caernarvonshire, North Wales. 

(O. truncatus ii ^m Sweden, at Andrarum, in Scania, but I think from 
higher beds than ours.) 

Olewus scarabtBoitieM, Wahl. 
PI. 5, figs. 2-6. 

Wahlenb. Dalman's Pala^adx. Brongniart's Crustaces. Peltura scarabte- 
aides, Milne Edwards's Crustaces. Peltura scarab., Angelin, Palaeont. Suecica, 
pi. XXV., fig. 8 (mala). 0. spinulosus, Phill. Mem. Ge(3. Sur^'ej, vol. ii., pt. 1, 
pp. 55, 239 ? 

O. scarabaoides, Murch., Siluria, 2nd ed.. Appendix, Table, p. 540. 

In size, as well as form, these pressed and distorted trilobites agree well with 
Ch^Lstiania specimens presented by Dr. Th. Kjerulf. But ours show only 12 
body rings, while Angelin figures 13. Then there are two rings to the axis of 
the taO, besides the terminal lobe. The marginal spines are not clearly seen, 
except in one example, fig. 5. 

I believe we maj safely identify with this the small species found at Malvern, 
and described by rhillips under the name of 0. spinukmu f . It is certainly not 
Wahlenberg*s species m that name. 

Localities, — Upper Lingula Flags. — Carreg-wen, near Borth, and Pen- 
morfa Chuzchy both near Tremadoc, North Wales ; Whiteleaved Oak, Malvern. 

Olenus {ParaboUna) serratus, n. sp. 

PI. 5, ^. 6, 7. 

Salter, Decades Geol. Surv., No. 11, pL8, f,5, 1865. 

(Glabella quite as wide in front as behind, with a broad neck-lobe, equal in 
breadth to the basal lobe. The upper lobe somewhat narrower. Fixed cheek 
broad, subtrigonal, equal to half tne width of the glabella just below the eye.) 

Tail, probably of the same species ; semicircular, serrate, with short, somewhat 
radiating spines. Axis thick, of five prominent rings. Sides four-ribbed, the 
ribs dupUcate and produced on the maig;in into short spines of less length than 
the limn, five on each side, the fifth pair of spines being set rather wide apart 
beneath the axis. 

I much wish I could identify this with the common 0. spinulosus, Wahl., 
for the head is very like. But the caudal shield is decidedly different, and as 
it in all probability belongs to the same species as the head, I feel bound to 
keep them distinct. The name applies to the tail only at present, llie glabella 
moreover differs, as above described, from that of the true O. spinulosus, which 
tapers a little forward. In that species too the tail spines are greatly lengtheneil. 

l^e section ParaboUna, regarded ab a genus by Angelin, was proposed by 
me in 1849 to distinguish the species of Oieni which have 12 body rings and a 
laciniate tail. O. scarabotoides might belong to this subgenus as so defined, 
but it dearly belongs to a different natural group, in which the cheeks are 
much contracted and the glabella enlarged ; in the majority of Oleni the very 
reverse is the case. I believe Angelin has good reasons n)r supposing there 
are several distinct genera included under Olenus, but I do not quite see uie way 
to their definition yet. The term Peltura may perhaps stand : but it was 
founded on species of Lichas, as may be seen by reference to Fletcher's 
description of the British Upper Silurian species of that genus.* 

Locality. — Upper Lingula Flags. — Cfarreg-wen, as above. 

Olenus (Spharophthalmus) flagellifer, Angelin? 

PI. 5, figs. 8, 9. 

Splueropk.flagellifer, Aug., Pal. Suecica, pi. 26, fig. 7. 

The only difference I can see between the Tremadoc specimens and the 
figure by Angelin, is that the glabella furrows run quite across, while Angelin 
gives them as only lateral. But as this character of the complete transverse 
furrows seems tdvbclong to the whole of the Spharophthalmi, perhaps the artist 



* Quart. GiK)l. Jouru., vol. vi., p. 23o. 
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has not sufficientlT lepreaented it. The other characters of the sub-genus (for 
it can, I think, oxut he so regarded) are the short and wide transverse heid, 
the cylindric ghibefla reaching the front margin. 

Eurycarisy Angelin, again, has a broader front, and a wider^and more parabotic 
glabella, thus leading from Spharophthalmus to the true Oleni, of which O. ^- 
bosus may be taken as the type. The characters seem to me not to be absolute 
in any oi these sub-genera, and hence they may all, I think (and M. Banande 
seems to be of the same opinion), be conveniently retained in Oleuus, 

Locality, — Uppkr Lingula Flags. — (Daneg-wen, Borth, Portmadoc. 

Olentu, — sp. 
P1.5.figs. 10, 11. 

A caudal shield only, triangular in shape, in the same slab with a head of 
the above or an aUied species. 

It has a narrower axis, with less distinct ribs than the tail of O. fftbhonu^ 
Widil., and the limb is wider, and with only two duplicate ribs visible on its 
forward edge. O. gibbonu has several, and according to Angehn's figure the 
upper one runs out into a spine ; but specimens in the Geol. Soc. collection 
do not show this spine, nor does D^hnan's figure. Yet it is particularlv noted 
by An^elin (whose descriptions are always dear, though fiar too short tor easy 
recogmtion of a species) and is moreover in agreement with the general 
character of the genus. Possibly the two sexes di£Pered in this particular. 

Jjocality, — Uppbr Lingula Flags. — Carreg-wen, Borth, Portnuidoc. Pre- 
sented to the Mus. P. Geology by F. Ash, Esq., of Portmadoc. 

Olenus (Spluerophth.) aUUus, Boeck. 
PI. 4, fig. 3. 

Olenus alatus, Boeck., Gcea. Norwegica, p. 143; 8ph4Brophthalmus akUus^ 
Angelin, Pal. Suec, pi. 26, fig. 9 ; [Olenus bisulcaius, Phill., Mem. Geol. Survey, 
vol. ii., pt. 1, p. 55, fig. 1, 2 ?] ; Salter in Murchison's Siluria, 2nd ed., pp. 4/* 
6:58; in Decades GeoL Surv., No. 11, pi. 8, f. 6, 1865. 

Our specimens are not very perfect, but there is no difference of importance 
between these and the figures by AngeUn ; and there are specimens in our 
museum of the Norwegian species, with the same characters. The great width 
of the cheeks in proportion to theglabella, and the strongly arched spines, are 
easily recognizable characters. The upper furrows are very obscure in our 
specunens. 

I fear Olenus bituleatus. Ph., from the Malvern black shales, cannot be 
separated from this species. 

Localities, — Upper Lingula Flags. — Carreg-wen, Borth, Portmadoc; Pen- 
morfa Church, west of Tremadoc ; White-leaved Oak, Malvern. 

Olenus (Sphiert^hth,) kumilis, Phill. 

PI. 5, fig, 12. 

Memoirs Geological Survey, vol. 2, pt. 1, p. 55, figs. 4, 5, 6, 1848, Salter; 
Decades Geol.Surv. No. 11, pi. 8, f. 9, 11, 1865. 

This is only here noticed to remark that this minute species is well cha- 
racterized by the verv narrow instead of toide cheeks. Yet, m other respects, it 
is a perfect SpJuerophthalmus ; and such a blending of characters indicates that 
we are dealing witn sub-genera rather than distinct and well-marked generic 
types. It is more fully described in our Decade 1 1 . 

Locality. — Upper Lingula Flags. — Black shales, Malvern, common. 

Olenus impar, n. sp. 

PI. 8, fig. 4. 

O. uncialis, capite transverso semilunaris lato; corpore anaustissimo. Am 
thoracis latus convexus. Pleura breves falcata. Fulcrum ad axin appressum. 
Glabella marginem latum attin^ens, lobis duobus obscuris. Crena fuam glabeOa 
lata, oculisparvis medianis, sptnis pralongis, subparallelis, 

A species with broader axis to the body, and smaller pleurae than most others, 
except the O. scarabaoides. From this it differs materially in the great breadth 
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of the head, and the long parallel head-epines, giving it the aspect of a small 
Paradoxides, under which name Mr. Ash sent it, me to figure. 

The whole Imgth is less than one inch, the head broM and rounded, trans- 
verse, about twice as wide as long, with a moderately long parabolic glabella, 
reaching the rather broad front margin ; the cheeks in widtii about equal to the 
glabella, and having the eye midway and about half-way up the cheek, small, 
prominent ; the head spines verr long; nearly straight, parallel, and reaching as 
far as the extremity of the whole body. Glabella furrows oblique, not crossing 
the glabella, two on each side besides the strong neck furrow. 

I can only count eight body rings, but there may be five or six more, for we 
have not the entire body. The axis is convex, much broader than the pleurae 
in front, at about the seventh or eighth ring equal to them, and thence the 
pleurae increase in proportional lengui. These are falcate, the tip considerably 
curved, the frilcrum veiy dose to the axis in all the rings, just as in Kemopleurides, 
to which genus our fossil bears a close resemblance. 

It noay be compared with Olenus scarabtBoides, as to its body rinffs, but even 
that epecies has them not nearly so short proportionally ; the head is however 
quite unlike. 

LoeaUty. — Upper Trbmadoc Slate. Penclogwyn, near Portinadoc, Mr. 
Ash's cabmet. 

Dikelocephalus. D. Owen. 

Hiis genus, as defined by Dale Owen's figures, approaches very closely to 
Oiemu, having the complete transverse furrows to the glabella; and, in some of 
them at least, the eyes, though not remote from the glaoeHa, are connected with 
it by means of an ocular ridge. The pygidium, judging by his figures, is 
truncate behind, but not always produced into spmous angles. And it has 
a shortened many-ringed axis with numerous radiating frinows on the taO. I 
take D. minnesotensis, D, meniscaensis, and D. FepinensU as types.* 

With these external characters, it is hardly right even to join our species 
D. eeltieus to the genus, as Mr. Billings in his exoeUent pa[ier on the Quebec 
tiilobitest has done with the D. magmficns. The glabella is quite different. 
But I only follow him with this and the other species, because I am unwilling 
to add to generic names, where the materials are insufficient. Such species as 
hifl D. pUaUfivru (1. c, p. 309, fig. 6) and our D. digcoidalis, pi. 5, fig. 19, are 
clearlv more related to Ogyffiaf an afl&ni^^which was perceived by Bfr. Billings. 
As I have not the means of pudgmg of the limits of this genus, I must hope 
that my friend will re-examine nis rich materials, and institute a genus at 
least for the forms resembling Ogyg%a» In the meantime we will give all of 
them the provisional generic name. Is not Centroplewra of AngeSn a good 
generic groi^p, though incompletely defined? 

IXkttlocephdiiu (CaUrapkwra F) fitrea, n. sp. 

n. 6, fig. 4 ; and pi. 8, fig. 10. (fig. 9?) 

D, [eapite tramsverto, fnarginefrontaJi lato, glaheUd longd, obscure sulcatd.'] 
Cauda subpaUagoua (sesquiuneiaUs) semiradiatay margine kevi quam axe iation, 
maryine aiUico AUquo, postieo truneato, spinisque duobus latii orevibus c^pproxi^ 
matis. 

A pygidium an inch and a half wide, and, including the spines, one inch long, 
of a rough rhomboidal shape, rounded on the anterior edges, which retreat 
rapidly from the axis towards the widest part, and thence the tail contracts 
towards the hinder angles. These are produced into short blunt spines, and 
between tiiem the hinder edge is straight and truncate. 

The axis is long, conical, more than one-fourth the entire width (in D, ceUicus 
it is less than one-fifth), reaches nearly three-fourths down the tail, and is marked 
by six rings besides the rather blunt terminal piece (there is no appendix as in 
D. eeltieus). The sides are grooved by at least five principal nnnrows, funt 
where they join the axis, then stronger just before they bend down obliquely 
backwards, to follow the outline of the front edge. They do not nearly reach 
the margin, but leave a broad plain band, a quarter of an inch broad. Tlie 



* D. granniomia in a true OUmu. 

t OMUidiMi Nat. and Geologiit, voL ▼., p. 307. 
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incurved under portion {caudal fascia) is broader than this hand, extending 
more than half way up the ribs ; it is rather finely striate. 

Compared with D, celticus (pi. 5, figs. 21, 22) our Upper Tremadoc species 
has the tail more pentagonal, the axis much broader and without an appendix, 
and moreover it has fewer axal and lateral ribs, the latter reaching not neariv 
so far toward the edge. The posterior nu^gin is abruptly truncate (not round^ 
and emarginate), and the two blunt spines effectually distinguish the species. 

The approximate tail-spines, and the faint half-developedkteral furrows, will 
distinguish it from D. Minnesotensis, Dale Owen. The Centropleura dicrtBura 
of Angelin, from the beds of his region B. C. (which answers well to the 
Tremadoc Slate), is by fsur the nearest species to ours. But it di£Fers in the 
much closer tail-spines, and the elongated continuous lateral furrows. 

Locality. — Upper Tremadoc. Moel-y-gest; and a variety? with stronger 
lateral furrows occurs at Penmorfa. Both are in Mr. Ash's cabinet. 

PL 8, fig. 9. 

The head, which we figure from Mr. Ash's specimen, most probably belonss 
to the same species as the tail described above. It differs from D. celticus m 
the longer 'glabella, which all but reaches the marginal furrow in front, and in 
the greater breadth of the margin itself. The eyes are placed further back. 
The 'glabella lobes are not distinct. 

Locality, — Same as above. 

Dikelocephalus F {Centropleura F) celticus, n. sp. 

PI. 5, figs. 21, 22. 

Caudal shield entire, } inch long, li inch broad ; rotundato-quadrate, the 
posterior and anterior angles being rounded off, abruptly truncate and emargi- 
nate behind, and with no serrations whatever. The axis is narrow, prominent, 
gently tapering for nearly two-thirds the length of the shield, then abruptly 
attenuated into a narrow Appendix as far as the margin. It is seven-ringed 
before its abrupt contraction, thence smooth. The sides have seven cur>'ed 
ribs, including the conspicuous front (marginal) one. These ribs are directed 
first outwards, then bent abruptly backward at the first fourth of their length, 
and so running obliquely to the margin ; the second and third are duplicated. 
The posterior notch to which the appendix of the axis runs, is but shallow, but 
quite distinct. 

There is a ^reat general resemblance to the species so well figured by Billings 
in the Canadian Naturalist and Geologist, vol. v., p. 307. The axis of ours is 
however longer, almost double the proportionate length, the ribs more numerous, 
and the margin entire. It is still more Uke Angelin's Centropleura ? dicrteura, 
pi. 41, fig. 9. 

I think, as above said, that a new genus should be constituted for these species. 
Meantime, they are primordial fossUs in this country, Upper Lingula flag and 
Tremadoc slate ; while in America they probably help to fix the horizon of the 
celebrated calcareous beds of Quebec* As tnese breccias and the interca- 
lated shales must, from the Graptolites they contain, be older than the Llan- 
deilo Flags and the equivalents of our Lower Llandeilo series, so it is probable 
that their lower beds should contain fossil genera of primordial date, mixed 
with others of later age. 

Locality. — Upper Lingula Flag, Ogof-ddu, east of Criccieth, in black slate. 

IHkelocephalus ? {Centropleura) ? discoidalis, n. sp. 

PL 5, figs. 18, 19. 

The glabella is a little narrowed in front, but then clavate, so as to give a 
somewhat uroeolate shape. It is marked clearly by four short fiurows, of which 
the second from the base is oblique from above inwards, and longest ; the third 
is direct and short ; the uppermost (fourth) very short and oblique f^m above 
outwards, towards the eye. 

We have not the free cheek in its place ; it is however greatly expanded and 
flattened, the eye is strongly lunate, smooth. 

* There has been much diHcussion as to the true position of the Quebec beds. Sir W. Logau 
and Mr. Billings have now fully (Ganad. Reports, and Geology of Canada, 1863) cleared up the 
whole relations of these limestones, which seem to me to occupy the place of the Tremadoc 
rocks in Britain, while the shalee which lie above as dearly represent our Lower LlandeQo. 
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Of thiBy fragments only were obtained, but in considerable auantitr, and I 
doubt not penect epecimena might be found. The front of the head ia 
greatly expanded and flattened (without any marginal fuirow) like the free 
eheeka. Our fossil agrees in all respects with the figure of Dikdocepkabu ? 
flam^rcmSf Billings, except that the glabella is shorter. It is sufficient for our 
purpose that the type is exactly the same. It is very like Oovflrta in the number 
and anangement of the glabeUa fuixows, and, according to Sir. Billings, in the 
labrum also it is like that genus. 

Locality, — Ogof-ddu, C^ccieth. Upper Lingula Fi«ao0. 

DikelocephajMS ? {Centroplewraf) sp. 
R. 5, fig. 20. 

Candal shSeld semieifonlsflr, the forward edoe much curved, the axis nflmow, 
tapering, convex, four-fifths the whole length of the tail, with eight distinct 
narrow rings, abruntly conical at the apex, then lost in the broad margin ; sides 
with six curved nos, the principal ones duplicate. Not at all likely to be a 
DikeUoeephahts, but quite similar to the caudal shields figured as of that genus 
in p. 311 of Mr. Billings' memoir, but not named* 

LoeaMty^ — Ogo£-ddu, as above, 

Conoeephaiida, 

If tlie OlemkUe an an ill-defined gioiip, it is only because it is di£Beult to see 
liiB exact pdntat wfaic^they become distinct fr»m this, whidli often aooompaiiies 
them and nmges wbh. tiiem in time. 

The CoBoeepkaUitt may be assumed at present to embraoe sneh gencm as 
ComoeofhabUj SolmoplewrOy Elyw, (and doubtfoUv Ettip§oeephahs and Jrio- 
nelbuj,) together with Sao, whicn is a tyuioal member of the grmip, and shows 
itselaie amnity with tiie Cahfmemdm, aaa also Anffdma, which has the facetted 
pjeoxv and general chaiacter of this group, but might be equally well refsmd 
to the Olemdm by iU halrit. 

Conocoryphe, Corda.* 
(Conocq^halus, Barr.) 

If this genus is to include such extreme forms as the {Harpides F) rugosus of 
Angelin, or the Conocephahu Emmeriehi, Barr., as a middle tcnrm, and C. {Cteno- 
c^kAu) eanmahm, Banr., at the other side, it in evident that we are allowing 
a wid« range of variatioathan is usual in trilobite genera. It is moes piobablv 
a snail fimufy group, and will hereafter be broken up, but I entirdv agree with 
If. Bamrnde tiiat we are not in a position to do tiiis soccessrally as yet. 
It is saliBr to regard tiie prindiNd variations as subgenera, and in this view, the 
two speeies hen described will fall under quite distinct gnmps. For the 
dbancters of the genus see Banande's Monograph. 

His C Emmeridm and C moUa will form one group or section, distinguished 
by the great rize of the approxiinate eyes, eomparativdy large and well dis- 
tmctlv lobed glabella!, 14 body rings, and email caudal shield, and might be 
oallea (Umocoryphe proper. 

Solenopleura, Angelin, is another quite £stinct subgenus, with short ff labella^ 
scarcely k>bed, smaU, remote ^es, few (11 or 12) body rings, and a moderately- 

Conocoryphe invita, Salter. 

PL 4, figs. 5, 6, 7; pL 7, fig. 7* 

Decades Geol. Surv., No. 11, PL 7, fig. 6. 

C. capUe {solhn adhuc cognoto) latvmarginato, angvlis brevispinods, ylabelld 
ureeolatd, vtrin^ue hisulcatd: ocuUs longis, ad glabeUam apprestis; caudd 
sayfftfj oar cswc o A-otumUUo, 

We have portions of the head, and the taiL Thz facial sutures converge 
greatly from the margin to reach the eye, which is very long, reaching two- 

* I am compelled to use M. Oorda's name (Plrodr. Honog. BoImL Tril., 1847) on aooount of the 
prerkmt emplov of Zenker't name Omoo^hahu aa a genus of inseota. Bat I adopt H. Bar- 
nadcTa vlBv of UMfeaerio ehacMtan. 

5342. C 
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thirds the whole length of the glabella. Tlie glabella furrows nearly m^ in 
its middle region, and both pairs are very oblique, the basal pair almost meeting 
the neck furrow. 

This species so nearly resembles C Emmerichii, Barrande, that, were it not 
for the glabella having only two pairs of Arrows, it might reskdily be mistaken 
for that species. The glabella is longer, of an urceolate shape, and with the 
furrows reaching much further into it. The eyes are not quite so lon^, and are 
set dose to the glabella, which is not the case in the Bohemian species. The 
tail is longer and narrower. 

C. itofita, with these points of difference from the Bohemian species, is never- 
theless an excellent British representative of it. The next described species 
belongs to the same section of trie genus. 

Locality, — Upper LtNGULA Flags. Penmorfa Church, Tremadoc, Norih 
Wales. 

Conocortfphe abdita, n. sp. 
PI. 6, fig. 13. 

Head three-fourths of an inch long, very broadly margined in front, with a 
crenulate marginal furrow. Glabella more than ludf the length of the head, 
with three lateral furrows, the lowest very oblique, separating a narrow triangular 
lobe, the upper furrows short. 

This is figured, as being clearly a distinct species from the C. invita, though 
closely allied. It has a very broad front beyond the glabella, the marginal 
furrow of which is crenulated as in C. invita^ but the space in front of the 
glabella is twice the size. It has long eves, as in that species, reaching from the 
upper Airrow to the base, but remote rtom the glabeUa, not close to it. The 
facud suture takes a wide curve outwards beneath the eye. 

I find no species like it in Angelin's fijrures, unless some of his supposed 
species of Proetus, Plate XVIII., may possibly be allies, but to Barrande's C. 
Emmerichii both this and the preceding species have the closest affinity. 

Locality, — Upper Ling u la Flags. Ogof-ddu, near Cricdeth, in black pyzi- 
tous slate. 

Cottocoryphef sp. 

P1.5,fig. 14, (fig. 15,tail?). 

A very imperfect fossil, only the central part of the head being preserved. 
The forward position of the eyes, which are about one-fourth down the glabella, 
and very near it, makes the species more like C StUeeri than any of Angelin's 
figured spedes. But the glabella is as wide in front as behind, the lobes wdl 
marked, the margin defLned by a shallow punctate furrow. A short ridge 
connects the eyes with the glabdla, and the fiicial suture takes a bold curve 
outwards beneath them ; the neck furrow is near the posterior marffin. There 
is no saying if the segments and tail, fig. 15, bdong to this or uie previous 
spedes ; they belong to a Conocoryphe of large siae. 

Locality, — ^With the above, at Ogof-ddu. 

Conocoryphe, sp. 
PI. 5, fig. 16. . 

This caudal shield, which has a broad four-ringed axis, rapidly tapering, and 
three curved duplicate ribs on the sides, is most probably a spedes of Com* 
coryphe, and may belong to one or other of the foregoing spedes. 

Locality, — Same as above, Ogof'-ddu. 

Conocoryphe ? simplex, n. sp. 
PL 5, fig. 17. 

B, capite latissimo transverso, i uncia longo. Glabella quadrata, obtuta, 
truncata, lobis nulUs. Oculi remoti, cum glabelldjugo obscuro connexi, Maryo 
arUicua angustus, bene scriptus. 

Distinct firom any of the other Trilobites in the Upper Lingula flags, this 
portion of a head may receive a name. It appears to be allied to the so-aJIed 
Calymene Jeiostraca, and C. holometopa of Angelin. But it differs from both by 
the less size of the glabella, which is about two-thirds only the leogth of the 
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head, and must have been vefy wide. The reference to Cfmoeoryphe is only 
provisional at the best. The glabella is too convex, too short and truncate in 
front, the eje too forward, the fiudal suture not direct enough beneath the 
eyes. And yet this genus is the nearest to which I am able to refer it. 
Iioca/t<y. —Uppbb Lingula Flags. PemnorfA Church. 

Conocoryphe vexata, n. sp. 
PL 8, fig. 7. 
C. cmte i imcue lato, semieircuiari : glabeUd brevi, kmgd quam laid, depres9tt, 
obUmgarohmdatd ; gents regtUariter amoexis : apinis brevibus ; ocuUs m e dj an is, ad 
glabeUam approximatis. 

An obscure species, of which we have o^ the head, and that is f of an inch 
broad, and not above four lines long. The glabella as long as broad, four- 
fifths the length of the head and less than one-third its breadth, oblong, with 
rounded upper angles, not parabolic, and quite as broad forwards as behind. 
It is very gently convex, and shows but obscure traces of furrows. The neck 
segment is but slightly marked o£P, and the marginal fdrrow which runs round 
the flattened dieeks rather faintly marked. The space in front of the glabella 
is broader than the narrow front margin, and is regularly and gently convex, 
as are the cheeks with which it is continuous. 

The eye is small, placed near the glabella and half way up the head. The 
facial suture curves largely out both above and below the ere, cutting the 
posterior margin at about two-thirds out. The angle is shortly spinous. It 
differs from the other and allied species as much as these forms usually differ 
from each other. It has a much shorter head and glabella than C emstnu/tf 
figured in plate 6, or C olenoides, plate 8 ; and the absence of glabella furrows 
and more approximate eyes easily separate it from CL depressa next described. 

LoeaUty, — ^Railway behind Penmor& village. Beds of passage between 
LowxB and Uppbr Trbmadoc. These beds naturally combine the fossils of 
the upper and lower series, and, till the order of succession was fully established^ 
gave us a great deal of trouble. 

Conocoryphe {SoUnopleura) depressa, Salter. 

PI. 6, figs. 1, 2, 3. 

EU^^soceplwlus depressus. Siluria, 2nd ed. p. 47, Fobs. 7» f* 2. 

C. o/wUa, tripoUiearis, depressa, eapUe subtruneaio brevi. Thorax segmentis 
12. Cauda S-amnUata, Glabella brtvis, subooaia, tnmcaia, sulcis basaUbus 
obUqms longis, reliquis obsoletis. OcuU parvi, submediani, a glabeUd dimdutm 
diamelrt ejus remoti. Thorax pleuris laHsulcatis, recHs, truucoHs, Cauda axe 
lato 4^a3ulmlato, lateribus bisuleosis. 

Our specimens are all much flattened, and the species therefore must have 
been a depressed one. The head is very transverse, more than twice as broad as 
it b long, and truncate along the front. Of this the glabella occupies rather more 
than one-third in width, and is of a parabolic shape, or rather suboval ; the lower 
pair of glabella furrows are distinct, oblique, and rather long. The eye is 
small, set rather far forward, and placed away from it for a space equal to half 
the diameter of the glabella. The ocular ridge is distinct. The front body 
rings are not ^uite so wide as the axis, and have the pleurae reflexed from 
the fulcral pomt ; the middle pleurae are rather wider than their axis, and are 
direct to their truncated tips ; only the front ones bend backward. The body 
becomies much narrower bdiind. 

A fine lineation parallel to the margin occupies a broad band round the 
thoracic segments, but is more conspicuous in tne taiL The axis of the latter 
Is broad and parabolic rather than conical, and reaches nearly to the margin ; 
the side lobes nave two distinct furrows. 

. LoeaUty. — Lowxb Tbxmadoc, Wem, Penmor&; and above Penmorfa 
Church. 

The specimen figured under the above name in Siluria was stated to have 
come from the upper part of the Lingula Flags, and this is so far true that the 
ilark slaty beds, m whidi it is found, were not then separated from the Lmgula 
Flag proper. It however occurs in plenty with Ogygia and Niobe, and lies 
somewhat above the iXc^oMma beds; so that it is to be reckoned among the 
lama l^emadoc fossils. 

u 2 



308 THE GEOLOGY OF NORTH WALES. 

The head was not known at first, — ^but only the 12 body rings (the whole 
number) and the caudal shield ; and on sending it to M. Barrande, he kindly 
compared it with a lan^e unpublished species of ElUpsocephahu, The number 
of body rings is too rew for the usual forms of Conocoryphe, but the section 
Solenopleura has exactly the appearance of our fossil. In this subgenus the 
glabella furrows are but slight, sometimes absent ; the eyes remote, with but 
a faint ocular ridge, and the body segments fewer. Angelin does not figure 
more than 11, our species has 12, and their ends are truncated, not pointed or 
recunred as in Cmocoryphe proper. 

Conocoryphe ? verisimUis, n. sp. 
PI. 6, fig. 13. 

C prmcedenH tmiWmUf urn glabelld Umgwre iUobatd, genisqne latianbui, 
oeulis propioriima. Pleura suico angusHssimo exaraia, apioibus obtuns katid 
truneoHs. 

At first sight extremely like C. depressa, but on close examination the 
glabella appears to be longer, of a parabolic form, and quite destitute of 
lobes. The head is truncate as in C aepressa, but the eyes are nearer to the 
glabella, the cheeks consequently broader, the neck furrows almost obsolete. 

The thorax rings are about similar in proportion to those of the species above 
quoted, but are abruptly narrowed in the hinder part. Their fulcrum is nearer 
to the axis, placed at about half way out, their groove shallower, extremely 
narrow and sharp, instead of broad and deep, ana the tips, though blunt, are 
oblique, not truncate. We have, as yet, found no tail. 

LociUity, — ^Above Penmorfii village. Lower ? Trbmadoc. 

Qonocoryphe ? olenoides, n. sp. 
PI. 8, fig. 6. 

A small species, which has so well-marked a head that it may be named 
C. olenoides. I wish we had more perfect materials. 

The glabella is even longer than in the last species, all but reaching the 
front margin. The cheek is narrow, the facial suture in front is near the 
glabella, as is the veiy small eye, thence the fiftcial suture takes a wide curve 
out, and cuts fnot the posterior margin) but the outer margin, just in advance 
of the rounded angle. Taking this and some appearance of a projection on 
the front margin into account, the genus is not quite certain. 

LocdUty, — Garth, Portmadoc, in Uppxr Trbmadoc. 

Angelina Sedgvnckiij Salter. 

PI. 7, figs. 1-6. 
Decades Geol. Surv., No. 1 1, PI. 7, f. 1-5. 
A. Sedgvncki, Salter, Siluria, 2nd ed., 1869, p. 53, fig. 2., Foss. 9. A. nhtj^- 
ffuUa, ib., fig. 3 (specimens pressed laterally and lengthened). 

Genus. — Angelina, Salter fClass Crustacea; order, Trilobita; fSunily, Cono- 
eephaiidtg). Depressed, head smooth and with long posterior spines, eyes 
small, sub-median, without ocular ridge ; glabella lobetess. Body segments 
14-15 witii an angular fulcrum, fecetted for rolling up. Tail of few (4-5) 
segments. Labrum emarginate. 

A, ovata, segnusntis trunci 15, axe quam pleurig pauU6 angustioriy caudd 
2'3-^nnulatd, utrinque bispinosd. 

The new forms iQustrated on our plate were part of the results of a survey 
by myself in 1853 of the *' Lingula flags " and overlying beds, in the mountain 
region extending from Tremadoo to Fnstiniog, and thence to Arenig-fawr, west 
of Bala. 

The Angelina SedgwiekU was supposed, when the second edition of Siluria 
was printed, to belong to beds a little below the Lower Uandeilo zone, and these 
were regarded as passing down into the ton of the Lingula flags ^emselves. 
A large species of Ogyata being assodatea with them rendered this somewhat 
doubmil, and the geological position is now better ascertained. This new 
genus is characteristic of the uppermost portion of the Tranadoc slates. 

The affinities of the new genus are equally balanced between Oleums and 
Conocoryphe. Angelina differs from Olenus by having the plemv grooved 
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and fiMsetted for loUine np, iiiBtead of flat and pioduoed into pmnts, nor do we 
know of any Olenus that is totally without glabella furrows. It is this latter 
character, with the oocasionaliy spinose tail, which distingmshes it firom C<mo- 
eoryphe ; but this is combined with some characters of habit, such as the long 
heaa spines, less marked cephalic furrows both axal and marginal (indicating 
probably a liiicker crust), and the much less deflezed pleurae with their fulcrum 
nearer to the axis. It wants too the ocular ridges of Conyeoryphe, 

From ArumeUus the less number of body rings separates it, and that genus 
has so broad and expanded a margin, which is without a furrow, and the facial 
suture so far outwards, that there evidently is but little aflSnity with AngfiUna. 
The genus is named in honour of M. Angelin, who is carefully illustrating the 
old rocks of Christiania. Two fasciculi of his ouarto work are already pubhshed, 
and we wait impatiently for the remainder. Catymene ? leiostraca, t. xix., f. 3, of 
Angelin's work, may very possibly belong to this genus. 

Description, — Fully three inches long (one fine specimen is nearly four 
inches), of a broad oval contour, the head blunt, and tne tail only moderately 
pointed. The head occupies less than one-third of the length, and is semi- 
circular, but rather truncated in front : a narrow equal margin, not raised or 
thicker in front, runs all round, scarcely broader than the occipital border of 
the cheek, and continuous with it ; an equal space separates tnis margin in 
front from the glabella, which is parabolic, mucn longer than broad, and quite 
destitute of any lobes. It is about equal in width to the cheeks (exclusive of 
their margin). The cheeks are gently convex, smooth, and bear the small curved 
eye midway, but nearer the glabella than the marginal farrow. The facial 
suture is nearly vertical to them above, and then turns sharply outwards to 
cut the posterior margin at ite outer thi»i. 

The labrum is seen on one or two specimens; (fig. 5). It has a central raised 
portion, separated by rather a deep groove from a flat margin, which is broadly 
and abruptly truncate at the apex. It is a little like that of Lichas^ but is without 
the termmal notch, and differs from that of Olenus by its broad margin. CouO' 
ciMryphe has a labrum without so broad a margin, and not nearly so truncate* 

Thorax of 15 segmento ; the axis narrowerthan the sides, gently convex, and 
tapering quite regularly backwards. The pleurae are nearly direct, slightly 
produced and bent back at their ends, ana grooved throughout. They are 
bent down a little from the angular fulcrum, which is placed at rather more 
than one-third in front, (our figure shows it too far out at this point,) and much 
less than one half in the middle segmente. The hindermost segments are 
scarcely at all produced or curved backwards ; all the segmente are facetted 
for rolling up. The pleural groove is deepest beneath the fnlcral point, and, 
as beyond this the facet bounds it in front, and the posterior edge of the seg<* 
ment ib convex beyond the fulcrum, th6 groove becomes an elongated rhomboidal 
depression ; a feature never seen in those genera in which the raculty of rolling 
up b lost, or even veij limited. 

The tail is more pomted than a semicircle, the axis not as broad as the sides, 
with two distinct rings, and a bluntish terminal portion not reaching the 
margin. The sides are marked by two lateral furrows which just reach the 
margin, opposite to the two short lateral spines. These furrows are duplicated. 
The incurved under margin (caudal fascia) is veiy narrow, but convex. 

The compressed and elongated specimens, figs. 3 and 4, were formeriy con- 
sidered to be of a distinct species, not however on account of the form, which 
I was aware might be due to pressure in great part, but on account of the 
spinose border to the tail, a character not at the time seen in figs. 1 and 2. 
A noble series of specimens, distorted in eveiy possible way, have been trans- 
mitted by Mr. D. Homfray of Port Madoc, who collected them at my request, 
and by Mr. F. Ash of the same place. 

These specimens show 15 segments ; our figured specimens only showed 14, 
and they prove clearly that the spinose border to the tail occurs in all well-pre- 
served specimens, yet in some more distinctly than others. And the great 
difference in appearance between figs. 2 and 3 is entirely due to the different 
direction in which they have been pressed in the stone. The pleural gn^ooves 
in the one case are all but obliterated, in the other they are deepened (fig. 2), 
and the spinose border to the tail appears to be increased in length ; in fig. 2 it 
is reducea. The somewhat greater space in front of the glabel^, and the long 
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head-spines in fig. 3, are differenoes which may possihly (if they be found con- 
stant) be referable to sex. 

Locality, — Upper beds of the Trbmadoc slates. Garth hill, east side of the 
Traeth Bach, Tremadoc, North Wales, also Portmadoc quarries, and at the 
Ynys Tywyn, in similar beds, f Mus. Pract. Geol.) 

Fam. Asaphidm, 

A large unwieldy group of great trilobites, which are characteristic strictly of 
Lower Silurian rocks ; — ^the exceptions to this geological position are veiy rare. 
The eyes are smooth, the facial suture ends on the posterior margin. The 
body rings 8, rarely less or more. The tail always of liu^ size, and usually of 
many segments. The labrum various in shape. While on the one hand tnere 
is some analogy with the CalymemdtB through the genus Homalonotus, the 
group also approaches the Olmida by such forms as Dikelocephalus, and 
ranges up to ProettcUe with a real affinity by means of Stygina, while it has 
abnormal and rudimentary members in Iluentu and CBglina, See Monograph 
of Brit. Trilobites, Paleont. Soc. 1866. 

Its geological range commences with the earliest known strata above the true 
primordial zone, into which if it enters at all, it can only be by such doubtfdl 
genera as BathyuruSf Bill. 

Except in lUtsnus, it does not rise out of the Lower Silurian, and it is veiy 
rare even in Llandovexy or Middle Silurian rocks. Niobe, PsUocephalus, 
AsaphuSf Ogyffia, and ;their subgenera, one or the other of these genera, are 
characteristic of every locality where Tremadoc, Llandeilo, or Caradoc strata 
are found. Asaphus, or Isotelus, is the largest of Triiobites, excepting, of 
course, Paradoxides among the Olenidtg, 

Asaphus {Isotehts) qginis, McCoy. 
P1.8,fig. 16,*pl. 12,fig.4? 

Ref. — Isotelus qffinis, M'Coy, in Synopsis Foss. Woodw. Mus., pi. l,F.,fig. 3? 

It is not certain that this is identical with Professor M'Goy's very im- 
perfect specimen, but I wish to keep that species in mind, as it may eventually 
be incluaed with A. Homfrayi, 

Oblong-oval, 2^ inches long, of which the head measures more than a tiiird, 
and is rounded in front ; the glabella is very obscurely marked, and has no 
furrows. The facial suture curves boldly out above the eye, and cuts the 
margin considerably outside of it. Below the eye, which is more than half- 
way up the cheek and close to the glabella, the suture again curves largely ouk 

Boav shorter than the head, but as long as the caudal shield. Axis broader 
than tne sides, and not strongly separated from them. Pleurse flat as &r as 
the fulcrum (which is at one half in the middle rings), then curved rather than 
bent down. Facets broad and veiy well marked. Pleural groove obscure, 
except just beneath the fulcrum. 

Caudal shield larger than a semicircle, but proportionably rather short, 
without segmental furrows, except the uppermost on the sides. Axis narrow, 
tapering, well defined, and reaching three-fourths the length of the shield ; its 
end not prominent. Caudal fascia broad, striate. 

The under side of the head has the broad epistoma well divided by a strong 
vertical furrow, as usual in Asaphus, The labrum is subquadrate, broader 
above and narrower towards the truncate tip. It appears not to be at all 
bilobed, and therefore scarcely agrees with the character of the genus. A con- 
centric furrow and two shorter ones above it are plainly to be seen. 

A. affinis resembles some Swedish species of the section CryptoHymus, but 
the course of the facial suture distinguishes it from A, raniceps, though the 
caudal shield is like ; the eyes too are smaller. And the course of the fisicial 
suture is all we have to separate it from the associated species A. Homfroyi ; 
while from A. gigas the distinct marking out of the axis will be sufficient. 



* Mr. F. ABb, of Portoiador, bolievea that this spedmen ia only an imperfect one (with the tnat 
lient) of jL Uimfrayi, It i8 quite possible. And in that case the two species, X, ojflmt and 
A. Komfrayu would merge into A. affiiiis : at present I keep them separate. Those both dilDn' 
from A. raiUoept of Bw^en by the loss pronounced axis of the tail, which, nevertheleiSi U 
prominent at the end, and shows imperfect ribs. 
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LocaUiy, — Upper Trkmadoc. Pen-y-clogwyn, S. of Portmadoc, in flinty 
slate, much compressed by cleavage ; (jiuth, Penrhyn ; and near Llanerch, by 
the road side, on the way to Treflys. PI. 12, f. 4, was found at Tyddyn 
Dicwin, above Penmorfa. 

Asaphus Homfrayi, n. sp. 

PI. 8, figs. 1 1—14. 

Section ItoUlms? Facial suture ending in an ogive on the upper surface. 
Glabella not distinct, and axis of the tail veiy obscurely marked out. Labrum 
deroly bilobed. 

A. (Isot,) kmgiovahu, leute convema, capUe ad frontem subangulato, anguUs 
brevupinaas. Oeulisubmediafd,parvi, AxiscaucUB lonffU8,adapicempromiailus. 

The perfect figured specimen, lent bv Mr. Homfray, is much elongated on 
the plane of cleavage ; and its true length is probably not 3 inches, — the breadth 
U : compressed as it is the measures are Si by f inch. 

We have many specimens, in a more or less perfect state, presented by Mr. 
Homfray ; and ms cabinet and that of Mr. Ash contain very perfect examples. 
The head is more than a third of the whole length, and longer than the thorax, 
which in its turn is longer than the caudal shield. Head semioval, rather pointed 
in front, and with very short posterior angles, depressed broadly round the 
margin; the glabellar portion scarcely marked out. The eyes are placed nearly 
half way up the head, are small (two lines long) and with the facial suture 
carving out boldly beneath them, and cutting the posterior margin more than 
half way out fi^om the axis. Above the eye thejr form a narrow ogive, and 
nearly follow the front margin. On the underside of the head the votical 
furrow on the epistoma shows distinctly through the cast. 

The labrum is imperfect, but shows a strong marginal furrow, and two small 
lateral ones. 

The body rings have the axis as broad as the sides, and moderately convex. 
The pleune are flat as ikr as the fulcrum, truncate at their ends, and have but 
a slight croove, which reaches only two -thirds their length. The fulcrum is at 
one-third in firont, and at less than half in the middle rinpi. The caudal axis 
extends three-fourths down the smooth tail, very indistinctly marked above, 
but in some states crossed by several rings, and prominent at the tip. This 
is not quite a true iBotehts, but shows some tendency to unite the characters 
of two subgenera, Isotebts and BasUicus ; the course of the facial suture is 
characteristic in both. It differs from its associate (J. qfinis F) not only by the 
facial suture, but by the scarcely pronounced axis of the tail. And fW>m As, 
Powisuy with which it might he confounded b^ casual observers, the want of 
any tail-furrows except obscure ones on the axis, and the very slight convexity 
of the glabella, will easily separate it. It grows to only half the size of tiiat 



LoeaUty, — Uppbr Trbmadoc slate, under the Garth, near Portmadoc. (Mr. 
Homfrar's cabinet. Railway, back of Pennforfii village ; Tu-hwnt-i'r-bwlch near 
Tortmnaoc, &c. Mus. of Pract. Geol., and of Messrs.Ash and Homfray. 

AsaphMB radiahu, Salter. 

PI. 23, fig. 7. 
Ogygia radiaia, Salter in Appendix to Ray ed. of Burmeister, 125 ; Isotelus 
laticostatus, M'Coy (in part). Synopsis Woodw. Foss., PL 1 E., fig. 18, 
not 18 a; Ast^kus radiatus, Salter, Palaeont. Soc. Monograph Tril., pL 18. 

A. sithplanus, obtuse ovatus, capite latisnmo, glaheUd distinctd. Thorax brevis, 
Cauda semicircularis, utrinque eosHs JS-brembus radiaia; axe abbretriato f 
caud4e sokim efficiente. Sulci laterales simplices, recti, breves, nee margiuem 
attingentes. Fascia latissima valde striata. 

This was for some time confounded by myself with the Swedish fossil Ogygia 
dilataia^ as it has been by M'Cov with Isotelus laticostatus. Green, of North 
America. In identifying it with the latter fossil. Professor M'Goy had chiefly 
in view the large specimen which he has figured (l.c. 18 a) from the Llandeilo 
flags of Builth (Maen Goran). This he says agrees exactly in proportions with 
Green's species, and is certainly different from the Bala limestone fossil before 
us. His specimen is the most perfect we possess, and fell to my own hammer 
in a long and pleasant summer's work with Professor Sedgwick in 1844. 
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M'Coy describes and figures the entire form as obtusely oval ; the cephalic 
shield rounded, about thinee times wider than long ; the thorax shorter than 
the head, of eight slender segments ; its axis rather less than tvro-thirds the 
width of the pleura, which are nearly straight, slightly bent downwards and 
backwards at the fulcrum, the pygidium nearly semicircular, its length more 
than half the width, and one thira longer than the thorax. Axis rather convex, 
narrow ; it tapers gradually to the somewhat prominent tip, which reaches less 
than two-thirds down the tail, and is annulated by about eight tanom, leaving 
a small terminal unlobed portion. 

The side-furrows, including the firont marginal one, are about eight or nine 
in the adult, (10 or 11 show in the young state !) and are shorter and shorter 
backwards, all simple, straight, or but a little sinuate ; strong till they reach the 
broad, deeply striated, and nat or gently concave border, when they become faint 
and vanish. The five hinder ones scamlv reach half way to the margin. Tliese 
minute details are necessary to distinguish the British spedea readily from such 
species as the Off, dilatata, which has duplicate, not simple, caudid ribs, bent 
near the end ; and also from the Asapkua nobUis, Barrande, a Bohemian Caradoe 
jBpedes vei^ like ours indeed in the tail characters (but with a longer and more 
*slender axis), and a cephalic shield larger and longer in proportion. 

The side-furrows of otur species are rather crowded at their origin, so as to 
seem radiating, whence the name. In A. noinUs they are more parallel'; and 
the ornament on the axis is greatly more prominent in the Bohemian form. 

Locality. — Caradoc or Bala hmestone, Rhiwlas, near Bala (Woodw. Mus. 
and Mus. of Pract. Geol.) ; also in Caradoc shale, Co. Loath, Ireland. 

Am^hua Powidi, Murch« 
PI. 15. 

Siluria, 2nd ed., pL 2, fig. 2. Isotelus PowisU, M'Coy, SynopsiB Woodw. 
Pal. foss., p. 170 (not of Portlock). 

We have been able to figure this in a verv perfect state horn the neighbour- 
hood of Bettws, N. Wues, and in an ohhque compressed form mm tiie 
cleaved slates of Dinas Mowddwy, N. Wales. Fortlock's fossil is the J. giaas, 

hocdUty, — Caradoc rocks, N. and S. Wales, Shropshire, Westmoreland. 

Asaphus (BasUieuB) tyraunus, Murch. 

PI. 13, figs. 1-6. 

Decades Geol* Survey, No. 2, pl« 5 ; Siluria, 2nd ed., pi, 2, f . 1 . 

A truly characteristic species of the Upper LlandeUo age. Our figures an 
transferred from the steel plates of the Decades G^l. Survey, No. 2. 

A. tyrannus is a local species. Though very like several foreign forms, it is 
restricted to the British area, not even ranp^g to Sweden, where the A, heroi, 
Dalman, takes its place. Of all the sections of As(^hus, this one, BasQicHS, 
comes nearest in haoit to the Ogygia, from the whole of which, as well as from 
the intermediate genus Ntobe, Aug., it is distinguished at once by the deft 
labrum. 

Locality. — Upper Llandsilo^ Craig-y-glyn, and Crai^-y-beri, near Uanar- 
mon fach, in the Berwyn Mountains, the most northerly point in Wales attained 
by the Llandeilo limestone. All the Caradoc locaHtiea given for it are spurious. 

Ogygia Boutatrix, Salter. 
R 9, and pi. 8, fig. 8. 

Siluria, 2nd ed., p. 63, Foss. 9, f . 1 ; Palsont. Soc Monogr., 1866, pi. 17, 
f. 11-13. 

■ 

0. septuncialis, fere rotunda {aut latissime elHpHca) depressa. {Caput?) 
Thorax quam caudabrevior, axe lato, j^leuris longis, axin li superantibuB, profimde 
sulcatis, afukro (uUra dimidium posito) pauUo defiexM. Caida quam s«m»eJrcM- 
lari latior : axi lato S-B^annulato: limbo sulcis primarHs 7-8 ad apices Jraetii: 
secondariis rectis profundis axin hand attingentihus. 

The large size and round form of this fine species much recals that of 0. 
DesmaresH, (0. Brongniarti, Rouault), well figured by the latter authority in the 
Bull. Soc. Geol. France, vol. vi., 2d. ser., pi. I. From thai; species the less width 
of the axis, the straight (not curved) pleurae, grooved nearly to their ends, distin- 
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^tnabefl it. From O. Edwardm, pi. 2, fig. 1, ib., the fevrer jcnnts of the taO, even 
m our mnch larger specnmen, ana the few lateral furrows^ aU of them duplicate, 
distrnguiahes it. Hie plemre too are curved in O. Bdwardm, which in vezy many 
reroect s resembles O. DetmaretH, 

Our specimai may be altered in shape hj the pressure aooompanyingcleaFage ; 
but in the figure some allowance is made rar this. If not su£Bciently so, stiU the 
form must have been a to^ wide and rounded one, and can scarcely erer have 
had the shape of the species next described^ although evidently dosely allied 
to it. 

LoeaUhf. — ^Uppsk Trsm adoc Rocks. Northern fsce of the Crarth hill, at 
the mouth of the Traeth Bach, Merionethshire, in company with abundant 
specbnens of Amffdma and other trilobites and shells. 

A specimen crashed in exactly the opposite direction, and so lengthened out 
instead of widened, is figured m PI. 8, fig. 1. Hiis specimen has the labmm 
of the usual shi^ in the genus, but i&ther more pointed than usual. We have 
also another specimen from the Lowbr Trbmadoc, W. of Penmorfii, on the 
Caernarvon Road. 

O. peltata, n. sp. {An O. Scmtatrix? var.) 

PL 12, fig. 8. 

Salter, Paleont. Soc. Monogr., pi. 17, f. 8-10, 1865. 

O. modica ; eapUe, tkoraee, camddque tsquaHbut. GiabeUa lata, Imris, aulcU 

mmOis, Tkoraa a» depre$90, plemn$ anguiHor, Jdg us^ ad apicet faieaiot nee 

deeurvos pUmu, fiUcro obtoJeto, Cauda qiuan semicwculari Umffior; on lato, 

S-^mmdaioj Umbo nUcuprimarns snbrectig, secondariis abbrematU, 

From fragments in the black slate of St. David's Head, this fine species must 
have been nearly 4 inches long, and of a broad oval shape. The head, thorax, 
and tail are nearly of the same length, and the whole form is greatly flattened. 

Head somewhat longer than a semicircle, with short broad head-spines, 
margined throughout, cuvided nearly eipially into three parts, the glabella odng 
as lm)ad as the cheeks, paraUd-sidea, and ^hout any oistinct lo^. 

Tlie eyes are large, placed half way up the head. The neck-furrow distinct, 
that portion of it on the cheeks much nearer to the posterior margin than that 
beneath the glabella. Thorax with a wide axis, not however quite so wide as 
the pleurae, and somewhat narrower behind. The rings are Yfoj flat, and scal- 
loped out at thttr junction with the pleura;, so that ine axal nirrows present 
a set of re-entering angles with concave arehes between them. 

The plenne are flat, their points short-fiJcate, and the pleural groove is sharp 
and sigmoid in its curve, reaching nearly to the tip. 

Tail a semidrele, the axis occupying a quarter of the entire width, and taper- 
ing backwards. It is annulated oy seven or ei|^ht f ur r ow s. The tip is blunt. 
The sides are radiated by eight strong grooves (mcluding the upper or sub-mar- 
ginal one), which are slightly bent downward near their ends, and are interlined 
by similar panlld secondary grooves, which start abruptly, as m O. scutatrir, 
from a point near, but not close to, the axis ; a plain smootii margin forms the. 
border of the tail, and the incurved under portion is narrow and closely striated. 

TIhs specimens described are all from St. David's Head, and appear to differ 
from the N. Wdsh O. tcntatri* in the following particulan : — ^More elongate 
form, flatter and more pointed pleune, tail with a narrower axis, and only one 
distinct set of lateral furrows. From Barrandia Portlocki and allied species 
the much greater length of the ax^ will easily distinguish the two species. 
Hiey belong indeed to different genera. (See Palseontogr. Monogr. I860.) 

Locaitfy. — LiOWBr Llandsilo. Whitesand Bay, St. David's Head. 

Ogygia Selwynn, Salter. 

PI. 9, figs. 2-^, and pi. 11 B, fig. 5. 

Rbf.— Brit. Assoc., 1852, p. 57« &c. ; Siluria, 2nd ed., Foss. 9, fig. 8, p. 53; 
Monograph Pal. Soc., 1865, pi. 17, figs. 1-7* 

We have specimens from three localities. A caudal shield from Merioneth- 
shire, and a tnorax and tail from South Caernarvonshire ; to these the name l^ 
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intended to apply. And some lai^er specimens, parts of the head« and very 
complete caudal shields, &c., from Shropshire ; these appear to be exactly the . 
same species, and are described afterwards. Figs. 1, 2, 3, and 4. 

Thorax and tail 10 lines long (the general form must have been a long-o\'al) ; 
thorax 9 lines broad, of eight narrow flattened segments, the axis well defined, 
gently convex, not quite two-thirds the width of tne pleurae. The latter are flat 
as fu* as the fulcrum, which is placed half way out, then bent down, the 
pleural ^ove very shallow, except beyond the fulcrum, where it is deeper. 
The tail is rather more than a semicircle, with a depressed border; it is smooth, 
the ribs being faint, and only on the upper part. The axis is distinct, narrow, 
tapering rather rapidly at first, then parailel, and ending with a prominent tip, 
just within the depressed border, at rather more than three-quarters the whole 
length ; the upper part is annulated by about five faint ribs, the rest smooth ; 
sides radiated above by seven furrows, of which the upper one is far the 
strongest ; the lower part is smooth. The border is rather abruptly depressed ; 
the incurved under portion reaches to the point of the axis. 

Localities. — Lower Llandbilo. Fig. 1 at Hengwrt-uchaf, four miles 
north-east of Dolgelly; in the higher part of the igneous series (Professor 
Sedgwick and J. W. Salter, 1844). ^gs. 2, 3, Llannelrhys, near Aberdaron, 
South Caernarvonshire. (Mus. P. Geology.) 

Figs. 5 and 6, Ogygia Selwynii, var. major. Caudal shields more than a 
semicircle, 10 lines long by 16 broad. The axis is narrow, and tapers as in the 
last, but does not reach quite to three-quarters the length of tne tail (in the 
Welsh specimens it reaches fully to that distance). It is annulated by six or 
seven ftirrows above, the upper one often the strongest, and the rest faint. The 
sides of the tail are markea by seven shallow short furrows, which do not reach 
to the depressed border, and the upper one of these also is the strongest. The 
incurved under portion is concentrically striate, and reaches to the tip of the 
axis, folding over it, and covered with concentric striae. Head more pointed 
than a semidrcle, an inch and a half broad, and often larger : we have been 
able to restore it from the parts preserved, but the sides are flattened more than 
our figure shows. The glabella distinct all round, depressed, gently clavate in 
front, but otherwise pandlei-sided ; marked very obscurely on the sides with one 
or two impressions, and having a faint central ridge near the base, and no 
distinct neck-fiirrow. The cheeks broader than the glabella, nearly fiat ; iAnt 
large eyes placed rather less than half way up the head, and near the glabella. 
Margin indistinct, narrow in front of the glabella; broad on the cheeks, ending 
in a narrow spine posteriorly. The facial suture cuts the posterior maigin 
more than half way out ; in front it is marginal. 

0. comdensis does not appear to differ much from ours in the head, except 
that the eyes are rather smaller and more forward, and the head spines reach 
to the tail; but the pleursB are blunt-ended, deeplv grooved, and strongly 
frcetted for rolling, llie axis of the tail is about the same length as in Uie 
Welch variety of our species, but the lateral furrows are strong, and indent 
the depressed border, while the incurved striated caudal fascia is not nearly so 
broad. All the ftirrows of the tail are much stronger, and the crust itself 
probably much thicker. 

Locality, — Lowbr Llandeilo. White Grit Mine, near Shelve, Shrop- 
shire ; associated with Linoula, Ctenodonta, Theca, and BeUerophon, It was 
lUso found by Sir R. I. Murchison at various localities nearer to the Stiper Stones, 
viz., in Mytton Dingle and at Lord's Hill, and is now common in cabinets. 

Niobe, Angelin, 1852. 

The genus Niobe was formed by Professor Angelin to include those flattened 
species of Asapkus which have the lobed glabella and blunt labrum of Ogygia^ 
and the facetted obtuse pleur^ of Asaphus. N, (Asapkus) frontalis, Dahnan, is 
the type. 

Niobe Hon^rayi, n. sp. 

PL 6, figs. 5-8. 

Salter, Monogr. Brit. Tril. Paleont. Soc, 1865, pi. 22, figs. 3-12. 

N. ooalis, depressa, lata, 3-4~«ficia/u ; axe sub-piano, distincto, caudd semi* 
eirculari semiradiato, Gkd>ella genis aqualis, urceolata, Oculi ante mtd^im 
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eamiis p<aUi, AnguH eapUis obtnsi, Labtwn acuinm, Camda $emieireulans, 
smleis UtteraUbuM 4-5, abbreoioHs, nUerUneatis. 

General shape a very broad oval, fully two-thirds as wide as long, depreaaed ; 
the length between three and four inches. The axis is flattened, yet distinct 
throughout ; wide and tapering from the broad urceolate glabella to the bhint 
tail-axis. The head is smooth, very little lobed, and the sides of tiie tail imper- 
fectly radiated. The head is rather more than one third of the whole length, 
semicircular, with blunt outer angles, the glabella occupying one third the 
wid^ of the head, uroeolate, blunt and widest in front, then a httle contracted, 
and thence widening again to tiie base, marked by a very distinct neck furrow. 
The glabella furrows are faint, four short ones on each side, somewhat 
radiatmg from the eye inwards, the lower one longest. The eve is veiynear the 
glabella, and placed more tlum half way up the head, semilunar. The facial 
suture reaches the edge immediately over the eye, curves boldly out beneath it, 
so as to leave but a third part of the posterior margin of the chedL outside it ; 
it is marginal in front. 

The body axis is broad, equal to the pleurae in front, but narrower than those 
behind, and ornamented with arched striae. The pleurae are strongly taoMed 
for rolling up, blunt, and rounded at their ends ; the fulcrum dose in to the 
axis in the front rings, and gradually further out tiU it reaches one fourth in 
the hinder ones. The pleunu furrow is deep, but rather short. 

The tail, a true semicircle, is somewhat flattened, and has a short broad axis 
reaching three-fourths the length of the tail, and about half as broad as the side 
portions, or a little more, marked by seven or eight distinct furrows nearly to the 
tip, which is prominent and bluntly pointed. The sides are scored by five short 
furrows, which (faintly interlined) only reach to the inner edge of the broad, 
flattened margin, and there stop abruptly. The margin is concentrically strmte, 
of equal breadth all round. Young specimens (fig. 8) di£Per but little in pro- 
portion. The labium is long and pointed, more so than in Ogygia, and has a 
concentric fiirrow near the margin, with a strong pair of indentations near the tip. 

Locality, — LiOWER Trem adoc Slate. — Penmorfa Churoh, Treimidoc, and 
Castle Dendraeth, near Maentwrog, North Wales. Cab. of Mus. Pract. GeoL, 
Mr. David Homfray and Mr. Ash. 

A much narrower variety, probably a male specimen (as Mr. Ash suggests), 
IS in that gentleman's cabinet. It frmushed the sketch for the labrum. 

PsUoeq^hakUf n.g. 

At first placed with A8tq)kMS, fthat convenient genus being a reoeptade 
for a good many distinct forms.) I have not much doubt this will form a very 
distinct and wdl marked group. The small forward eye easily distinguishes it 
fitmi Nileus, the subgroup of Asaphus which it most nearly resembles; and the 
same character, togeuier with the eight grooved body rings, dirtingui^ it from 
iZZcfuis. 

PsUocephalus innotatus, n. sp. 

PL 6, figs. 9-12. 

Salter, Palsrant. Monogr. 1B66, pi. 22, ined. 

P. iat^ ovahu, Itnis, sesqmkmcialU : eapUe valde eonvexo, kamd trilobo, ^mam 
camdd semieireulari nmito majari : plemris 8 pkads. 

This neat and rather conspicuous form is the most abundant fossil in the 
Lower Tremadoc beds, in company with Niobe Hottflrmfiy whid^ is a much more 
rare spedes. Scarcdy an inch and a half long, and about three-quarters brtNul 
in the largest spedmens, usually one inch long, convex, strongly trilobed in the 
body, more faintly so in the tail, and the subs^herical head destitute of triloba- 
tion or axal lines ; body rings dght. The general shape is a rather broad, 
blunt oval ; the head considerably longer than the tail, semioval, blunt, very 
convex and smooth, with obtuse outer angles, near to which the fiunal suture 
takes its rise, running oblioudy inwards to the front margin, which it cuts 
rather within than immediately over the ejre. Eye veir forward, fully two-tfirds 
up the head, small. Glabella confused with the cheeks, not at all marked out, 
except below (as in i2£iefii») ; labrum ? Body strongly trilobed ; theaxis nar- 
rower than the sides, and tapering backwards. 

The pleurae have square ends, are blunt, a good deal curved down from the 
fiilcmm, which is at one fourth in front, and theooe extending further and 
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further outwards till it reaches one third in the hinder rings. The pleurae aie 
flat or very slightly concave as ikr as the fiilcrum, thenoe sharply facetbed and 
striated lengthwise. (The pleural groove only shows in its losenge-ehaped out- 
ward termination.) The tau axis is rather long, blunt, semicyluKmcal, reaching 
three^ourths down the tail ; smootl^ as well as the convex sides^ whidi have no 
flat or hollow margin along the striated border at all, nor any kind of furrows 
or ribs. 

Loealitv, — In abundance all through the Lower Tbbmadoc beds of Pen- 
morfa and the neighbourhood of Borth and Moel-y-gest, eg,, Borthwood, Tyn-y- 
llan, Tvddyn-llwyn farm, &c. The finest specimens were obtained in company 
with Nir. D. Homfiray, and are in his cabinet or our own. Mr. Ash has also a 
fine series, and the species is now in many collections. 

Psilocephalus infiatus, n. sp. 
Woodcut 8. 



Fig. 8. 




P. bene trilobus, capite inflato, glabelld distinetd rotundd, axe corporis prom- 
nuh, caudm hrevismtuB distinctissimo, 

I give a woodcut of a small species, which, occurring at two places, appears to 
me to differ in specific character from the P. innotatus. It snould have been 
included in the plate, had I perceived its full characters sooner. Head very 
convex ; the glabella roundea, and separated by its convexity and by distinct 
fprrows from the rest of the head. Position of eye ? Body with a moderately 
broad, convex axis ; ako well distinguished from the somewhat convex pleune, 
the hinder ones of which are curved. I can only find seven body rings. The 
tail, if it belongs to the same species, is short, and has the axis not only con- 
vex, but short conical, and marked out clearly all round. 

Locality, — In lower beds of the Lowbr Trbm adoc, north-west of Penmorfa, 
on the Caernarvon road (figs, a, 6), and in the upper beds of the same lower 
series at Trwyn Cae lago, west side of Portmadoc Harbour (c) ; also at Bortfa- 
wood. (Mus. Pract. Geol.) 

nUenopsis, n. genus. 

Ovate, head very convex, with widely divergent axal furrows reaching to the 
front. Fixed cheeks large ; fi«e cheeks small ; the eye placed dose to the/roiU 
margin ; facial suture ending on the outer margin. Pleurae pointed, grooved. 

nkmopsis Thonuotti. 
PI. 11 B, fig. 1. 

I must describe this form, though the pygidium supposed to belong to it may 
possibly belong to a different species : it is found in tne same locality. In the 
head, the very forward position of the eyes is unlike that of any Ukntus ycA 
figured. It is true that the older Ilkmi, L arcturust Hall, and /. clam/nms 
of Billings, have the eye forward ; but in none does it occur so forward, or so 
near to the glabella, as m this case. Mr. Billings does not describe the position 
of the eye in his Uksnue contfrons, but from his figure it must be nearly in the 
same position as ours, and possibly that species may be an Ilkenopiis. See GeoL 
Canada, p. 151. 

Of the thorax we have only two pleune, but these are quite different from 
those of nUsnus, pointed and grooved ; in Blanue they are blunt and grooveless. 
The pygidium supposed to bdong to this (and there is the greatest probability 
it does' so) is deeply trilobed ; the axis narrow and prominent, reaching nearly 
three-fourths the length of the tail, and \vith the upper ring distinct. 

XiocaJtty.^-IiOWBB Llakdbilo. Bogmine, Shelve; in dark earthy shale. 
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nUenua Bowmafuii, Salter. 
H. 18, fig. 8. 

Salter in Decade 2, Mem. Geo!. Surr,, L centrotus, Portlock and M'Coj, 
not of Dalman. 

One of the conunonest of our Lower Sflurian trilobites (Caradoc), yet not 
understood at all. It has a broader outline than the following, and the eye 
placed so far back as nearly to touch the hinder border. 

Lo&dUy, — Caradoc. — Everywhere in Britain. 



/. Damsii, Salter. 

PI. 18, fig. 9. 

Decade 7, Geol. Survey, pl. 2. 

WeQ distinguished by the proportions of head, glabella, and tail* the propor- 
tion of the eye, and other characters, from ^er Caradoc species. The 
characters are fully described in the memoir above quoted. 

Locality. — Caradoc. N, Wales, chiefly Rhiwlas^ W. of Bala^ also S. Scot- 
land, as in Peeblesshire. 

JBglima grandis, Salter. 

PL 12, fig. 11: 

Siluzia^ 2d. ed. Foss 9, f. 6. Decades Geol. Survey, No. 7, PI. 10, f. 8, and 

• No. 11, PI. 9, f. 7, 8. 

^. ovaUt, setquhmciaUM, depre$sa? glabeUd iuberculatd; axe corporis angusto ; 
eaadd laterilnu wmulcatis. 

Oval (rather depressed?). If inch long; head more than two-fiffchs the whole 
length, with a large glabella without lobM, covered with rather prominent tuber- 
cles. Eyes very large, as long as the head. Body of six rings, the axis nanwer 
than in most of the species ; broadest in front, contracted belund, where it scarcely 
equals the pleune in width. These are bent at the fulcrum, which is placed 
xauier more than one^hird out from the axis. The tail is semicircular, and hu 
rather a long-conical axis of two joints, and one obscure lateral furrow. 

The largest specimen appears to have the fulcram further inwards, but agrees 
in other respects with the remaining specimens ; at least it has iht tubercular 

f]abell% a cnancter in which our species differs from all others. Of the two 
(litish speciea previously described^ ^, mirtdnUs has a parabolic and lobed 
amoothglabdla. j£, major has a wide body axis, and two lateral fuirows in the 
tsiL The fragment figured by us without a name in Decade VIL, pL 10, fig. 8, 

Sypears to be ^uite the same, but is possibly from a higher fbrmation. All 
amnde's species have a smooth glabella, and are veiy much smaller, except 
^. speciosa, which has a very broad axis and short mai^nal eyes. 

LwHility, — LowsR Llandbilo. In black slate, Whitesana Bay, south side 
of St. David's Head, Pembrokeshire. 

^glina, sp., eye of. 

PL 12, fig. 12. 

Decades GeoL Surv., No. 11, PI. 4 f. 6. 

The large species just figured is by no means the largest ^gUna known. 
M. Banande nas an enormous one from the Llandeilo rocks of Bohemia, and 
we here figure the e^es (no other part occurs with them) of a ffieat species, pro- 
bably seven or eight inches long, from the Upper Llandeilo flia^. Contrary to 
the usual arrangement in the eye, the lenses are in quincunx, mstead of hexa- 
gons. The eye alone measures half an inch in length ! It is figured and 
described in the above decade. 

LoeaUty. — Uppkb Llandbilo Flags; Aberaddy Bay, Cardiganshire. 

uS. binodosa, Salter. 

PL 11 B, fig. 3. 

Siluria, 2d. ed., Foss. 8, p. 6. Decades Geol. Surv. No. 11, PI. 4, f. 1-6. 

JB, lata, binnciaHs et uUra, comoexa: capUe grandi, imjiato, Uem: aegmento 
thoracis tertio biiiodoso ; camdd tritmguMd prqfimdi wutrgmatd. 
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One of the most marked species of the genus, and in great plenty in the black 
slate of one localitjr. It difiEers so markedly from all the other species, in the 
triangular tul with a prolonged axis, that it is unnecessary to compare it with 
any. It appears to have grown to as large a size as jE, grandis. 

tjocality, — Lower Llandrilo. Ce& Gwynlle, in the district west of the 
Stiper Stones, Shropshire ; in black slate, abundant. My friend Dr. A. Fritsch, 
of Prague, tells me ne has found the same species in the lowest Llandeilo beds 
(d 1) of Prague. I think this is correct. 

jEglina ? caUginosa, n. sp. 

PI. 11 A., fig. 10. 

ufi. uncialis et uUra, lata, ovaUs, Caput semiovale; gktbeUd omnino kni^ nee 
sulcatd; oculis angustis. Thorax segmentis 5, axe latissimo. Cauda semicircularis, 
axe angugto, tricostato ; kUeribus btsulcosis. 

An inch and a quarter long, and about an inch in breadth, judging from 
specimens compressed in both directions. The head is a little longer than the 
tail, the former semioval, the latter semicircular. And there are certainly only 
five body rings, which fiacc, however, would not of itself justly the creation of 
a new genus. It is better left in JBgUna, ^, packycephala, a Bohemian 
species much like ours, has only five rings. 

Head wide semioval, regularly convex. The glabella not at all distinguished 
from the fixed portion of the cheeks, nor marked by any glabella furrows ; the 
hinder angles a little prominent ; the eyes (probably, for they are not preserved) 
narrow. 

Body rings five, with an axis more than twice as broad as the pleurae, and 
rather suddenly narrowing behind towards the last segment. The pleurs 
increase proportionately in width, the front one being only one third the width 
of its axal lobe, the last one much more than half the width of the same 
portion. They are all obliquely truncate at their ends, and grooved throughout. 
Tl^e fulcrum is near the axal furrow. The teSL is semicirciuar, with an abruptiy 
conical short axis, of three rings ; the two upper onte tolerably distinct ; the 
third imperfect. The lateral furrows are very short, and only two show dis- 
tinctly besides the uppermost one. The incurved under margin (caudal fiucia) 
is narrow and equal all round. 

There is no Bohemian species, except E, pachycephala, with which to compare 
it. And that species is so much narrower and more elongate, that there is no 
need to point out other distinctions. Like ours, it has only 5 rings. E, obkmgula, 
Aiu^lin, a Lowcor* Silurian species from Vestrogothia, is mu(£ more like ours, 
and were the axis broader I should not like to separate the two species. In 
that figure no ribs are shown on the tail. There are 5 body rings. 

Locality, — Lower Llandeilo. Tjr-obry, Garth, near Portmadoc. Our 
figure is from Mr. Homfr«y's Cabinet; but we have many specimens, some ,a 
li^e larger. 

Trinuclida, 

A small group, yet of very common occurrence. I do not know that we can 
safely induae in it more than the three genera — Trinucleus, Ampyx, and Dipmde, 
And in truth this last genus shows the relation of the group to the Asaphidas 
through Ogygia, 

Trinucleus Murchisoni, Salter. 

PI. 11 B., fig. 4. 

Trinucl, Murch,, Siluria, 2nd ed., p. 50, fig. 7> 

7. semiuncialis, obhugug, haud quadratus, f route radiatim vuuctato. Aadii pro- 
fundi, uonnuUis hrevionbus mixtt. Cauda trigona, laterunu curvis, coatisque 
brevibus binis. 

A neat spedes, abundant m the black shales of the Shelve oountiy. About 
half an incn long, with the lobes of the head tolerably equal in breadth, and 
only minutely granular (not pitted as in T.fimbriatus), The fringe is not very 
narrow, and of tolerably equal breadth along the front ; the radii sunk, ana 



* AngeUn gives the locality, Beutorp, in YestroiEothiak and quotes the speoiee from Stratvn 

'^^- -^ ' "' *hinkingthi«nnMtbe»m' "^ ^" 

flee p. sn, is found there. 



E. (WenlodJ. I cannot help'thinkingthia miut be a mistake,' for the Reniu is so oomiiletely 
Lower Silurian one. JHam/Mt 
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with a few interlining ones in front ; the ears narrow, smaU. The tail is half as 
long as hroad, triangular in outline, hut apparently with curved sides from the 
sinuous outline of the bent portion. This is very broad, even for this genus, 
and is only oblique, not abruptly bent down. The axis, with many prominent 
ribs, is carried over it. The sides, however, which are concave, have only two 
or three short curved nbs, while in T.fimbriatus there are at least five stnight 
ones which reach the margin. It is very like T. fimbrtatuSy from which it 
differs in several important particulars. 

The shape is longer. The fimbriate border in front has interposed shorter 
rays, the body rings are broader and the tail longer, with a more curved outline, 
and with only two lateral curved ribs. The incurved fascia is not vertical, but 
very oblique, and the aids is continued over it. 

JCjOWbr Llandbilo. Cefh Gwynlle ; and other places near Shelve. 

TriKucUu$ Sedgwickiy n. sp. 
PI. 12, fig. 9. 

T. imciaits F lotus, capite semkirculari reHeulai(hpunetai6, glabeUd tubpyri- 
form, genas vix wperandt, laterilnu bisulcatis ; fimbnd angustd, ccncava, punettM 
radiatis,in seriei ShS, quonun duolnu exterioriims majoribus in nUcopoiitis, coIUh 
eatis ; reliquis tninutis trofuversis, nonnulUs irregularUnu et ad laiera eonfuna : 
trnguUs pottieis kaud dUatatis, 

Of this species we have but a few specimens. It differs at once trota the 
common T. Gibbsii, its assocnate, in the want of anj facial line. It is more 
nearly like T. Llojfdii, Decade 7, pi- 7, from which it differs by the glabella being 
extended a little mto the fringe, and by not having any expanded angles to the 
head. The fringe, too, is narrower, and has more imec^ual puncta» the outer 
two rows being bu^e and sunk in radiating furrows, the inner rows not strictly 
xegular, and more m number than the outer rows. The surface of the heaa, 
too, is closely punctate. It is quite possible this and the next may be varieties 
of T.fimbriaUu, but at present they must be kept distinct. 

Loeidity. — S. side of St. David's Head; Qae-glyd, Manod Bach, near 
Ffestiniog. In the Lowbr Llandbilo or " Arenig ** rocks. 

Trimtcleiu GUfbtii, Salter. 
PL 12, fig. 10 (somewhat enlarged). 

T. QUfbm, Siluria, 2nd ed., p. 53, Foss. 9, fig. 7. 

As broad as long (excluding the long divergent head spines, which reach 
back beyond the pointed tail) ; fringe narrow, punctate in radiating rows. 

The head is transverse, but squarer than usual in the genus, with a fringe 
border only wide in the central part, and considerably so, — ^the finnge widening 
here to meet the glabella, whicn is shorter than the cheeks, and having in its 
fdiTows at least four or five puncta ; while round the cheek they are reduced to 
two, and only become three or four again at the small posterior trian^^ular ears. 
The spines start abruptly, are but slightly curved, and diverge but httle, so as 
not to make with each other' and the head an angle ereater tlum 50°. The 
{glabella is not xaofe than one quarter the width of the head, and is short- 
piriform, very davate and blunt m front, quite narrow and marked with two 
distinct side^furrows behind. Its base is particularly narrow, and the neck 
furrow strong. The cheeks are spherico-triangular, ratner convex, and reticulate 
over aU the space behind a very strong ridge which bisects them, occupying the 
place of the ncial suture. This ridge is curved forward, so as to aivi£ the 
cheeks into two very unequal portions; where the continuous neck furrow 
abuts upon this ridge, at the posterior angle, it becomes a deep and broad 
hollow, almost a pit; and a similar deep excavation is established at the 
junction of the ridge with the front margin of the glabella. 

The body has six flat rings, as usual ; and is as long as the head without in- 
cluding the fringe, and not quite bo broad ; it has an axis one quarter its breadth, 
and it tapers oack to the tail piece, which is sharply triangular, and even 
pointed ; its length is one third its width, the axis being therefore broader in 
proportion than in the body rings. Three or four ribs are seen on the axis* 
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which is fiuiform, not conical^ and extends to the very apex. No side ribs, the 
lateral portions of the tail being quite flat and smooth. 
Locality, — Lowbr Llandbilo. S. side of St. David's Head. 

Trinucleus concentricus, Eaton. 
PL 19, fig. 4. 

T. Caractaci, Sil. System. T. concentricus of Eaton, 1832, and now ci moet 

authors. 

We have repeated the generalized figure of this common fossil, whidi was 
given in the Memoirs of the Geol. Survey, vol. ii., pt. 1. And the peculiarities 
of the very simple fringe are given in fig. 4 a. It is remarkable for its simple 
flat expansion ; a single keel on its lower edge, behind the two front rows of 
pores, alone breaking the uniformity of its shape. In most other species there 
IS some variety in the ornamentation of the fringe. Either the pores are sunk 
in radiating furrows, as in T. fimbriatus, or they are enlargea at the outer 
angles as in T, focus, or the fringe is curved suddenly down as in T. seticomis, 
or concave as in T. Lloydii, or doubly convex as in some French forms. 

In this fossil, as in the cognate forms, T. GoidfiusU and T. cmatu$ of 
Bohemia, the frmge is flat above, and of nearly re^plar width throughout. 
But it is subject to variations in proportion, which vanations an fully '^^v^mr^ 
in Decade 7 of the GeoL Survey. 

Locality, — Caradoc rocks of Britain evenrwhere. Upper Llanpovbrv ; 
Shropshire, very rare, but certainly present (Lightbody and Salter.) 

Trinucleus favusj n, sp. 
PI. 13, fig. 9. 

T. concentricus, var. favus, Salter in Memoirs Geol. Survey, vol iL, pt. 1, 
pi. 9, fig. 3, and in Decade 7, pi. 7- 

T. ffiocliciis depressus glaber, capite guadranffulot fimbrid latd, ad angnios 
rectos egetemos favosd. Glabella parva. Spinm genales dioarieatm, 

1 think it cannot be wrong to reoogrnize this extraordinary form as a distinct 
species. It is extremely common in S. Wales, always in Oandeilo lodca, and 
is also found in the patch of LUndeiio limestone, ifniieh appean so ttnua^y 
introduced into the network of faults on the east of the Berwyn Moimtaus, 
N. Wales. 

I cannot believe, with my friends Prof. WyviUe Thomson and M. de Bar- 
rande, that the facial suture in THnucleus runs round the maigin. I conceive 
that its course is marked out by the obscure line which runs obliquely across 
the glabella, and that the fringe is simply a variation of marginal ornament, in 
jbct a set of coalesced marginal spines. Moreover, the indications of epa in 
some forms of Trinucleus (or Tretaspis, T, seticomis, &c.) fiivours this view. It 
is a fair subject for discussion. 

Locality, — ^Uppbr Llandeilo. N. and S. Wales. 

Ampya UmUdus, Forbes. 
PL 23, fig. 6. Woodcut 9. 



Fig. 9. 




A. tumidus, Forbes in Decade 2, Mem. GeoL Surv^, pL 10, p. 4. 

A. capite eUmyato bremspinoso, caudd brevissinUl. OlabeUa masBima, obtnsa, 

carinata, postice convexa, pauUulum contracta, awtid in spinam brevem sulcaiam, 

haud eArupth producta, Octub parwe, vix dimidium glabelke attinyentes, suleo 

postico dimncto : mniis ? Cauda his quam laid breuior, onrnino livis, nisi aaee 

-'" si^ato, laterious margini defiexo latissimo. 
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Though only indicated hj Forbes in the Decade above quoted, the species is 
a distinct one in a genus remarkable for the number and similarity of its 
species. 

We have but the head and caudal shield, in plenty. The former, as may be 
seen by the lengthy diagnosis given above, is greatly elongate in front even for 
this genus, ».e., the body of the glabella itself is lengthened out, and is also 
broad ; it is most convex behind, where it is but little contracted, and furnished 
with a single short lateral lobe, not well shown in our figure ; but these lobes 
are less approximate than in the Amp. {Raphiophorus) depressus of Angelin, a 
Lower Silurian Swedish form, most like our species of any, yet with the 
glabella far too short, and cheeks and pygidium too long. Were it not for 
the long pygidium figured with it, I might have referred ours to A. {Loncho' 
domas) domeUus, Angdin. I think M. Angelin has not shown good grounds for 
his mode of subdividing the genus. 

As for Ampyx tumidus, '* It is nearly allied," says Porbes, ** to A. rosiratns^ 
Sars., but differs in having much smaller cheeks in proportion to the glabella, 
which b even more produced than in the A, rostratus, and exceedingly tumid. 
The cheeks in the species to which I have compared it are beyond the middle 
of the glabella; in the British form never so fiur as that part. The neck lobe, 
too, of the latter is narrow ; and the tail, though similar in sculpture, is much 
shorter and wider." Professor Forbes also compares it with A. Bruckneri (Boll, 
in Dunker and Meyer's Palseontographica, 1 Band., t. 17> fig- 8), a species with 
a carinate glabella ; with A, Poruockii, Barr., which has a contracted glabella, 
while ours is elongate ; and, lastly, with A, Bohemicus, Corda, a form with wide 
glabella, minute tail, and no rings on the axis. 

Locality. — Caradoc limestone, Rhiwlas, Bala. 

Ampyx pranuntius, n. sp. 
PI. 8, ^g. 6. 

Ampyx (prtknus majorum stirps), minutus. Glabella brevis, hand ad marginem 
anffustumproducta, sulcia obliquis lateraUbus. Axis segmeniis 6. Cauda gubtrian- 
gularis costulata, axi abbreviaio, 

{^^eeimiua tria compressa in museo cL F. Ash tantum vidi). 

A minute species, which has the peculiarity of showing only a semioval, not 
triangular head, with a very short glabeUa, not elevated in front, and with a veiy 
oblique lateral furrow on each side. It is not davate or gibbous, only convex 
forwards, and not at all produced beyond the slightly angular front margin, 
which has a narrow convex rim all round it. 

The body is very little diffierent from that of other species, of six rings, with 
a rather wide convex axis. The tail is only sub-tnangular, and somewhat 
rounded, with a short convex axis, and two or three ribs on the sides. 

We have only seen three specimens ; they are on a single slab, and were 
detected by the keen eye of Mr. F. Ash. A, pranuntius is unquestionably the 
oldest species of the genus yet known. 

Locality. — Upper Tremadoc. Pen-y-clogwyn, Tremadoc. 

Dionide atra, n. sp. 
PI. 11«., ^. 9. 

D. maxima. Cauda plana triangularis, } uncia lata, et longa ; axe haud convexo, 
angustissimo, longo, w^nnulato; latertbus subconcavisj sulcis obliquis 20, ad 
medium retrorsitmfractis nee marginem attingentibus, per dimidium interlineatis. 

We have only the caudal portion ; and yet, so characteristic is this portion, that 
there can be httle doubt of the genus. It fell to my own lot to disinter the first 
specimens, when searching the dark slates at the fiurm of Ty Obry, near Garth ; 
and our Tremadoc friends appear as yet to have discovered no more of this fine 
species, which is as distinct from either the Bohemian form D.formosa, or the 
Swedidi D. euglypta (from Besstorp*) as we could wish. From both species 
the extremely narrow axis of the tail separates it. 

Length and width of the flat triangular caudal shield about three-quarters of 
an inch, the extremity rounded, not acute ; the long thin-pointed axis nearly 

* Clearly thu is a Lower Silurian locality, and therefore ^Una dblongvila of Angelin. foimd 
with it, ia also Lower SUmrian. .XgUna is not a primordial fonil. 

5342. X 
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reaching to the end« regularly conical, acute, not widening above, where it is 
certainly not one tbord the width of the side obe (while in the other species it 
is near^ half its width). It is annulated closely bj about 20 distinct rings, 
and by more imperfect ones. The side lobes^ which are slightly concave round 
the margin, have 19 or 20 oblique furrows which are abruptly bent down 
(Jracti) at about half way out, and remain of the same strength nearly to the 
margin, which is i^uite plain, and apparently not at all striated concentrically. 
The ribs are interlmed for the first half only, and the appearance thus given is 
that of a great multitude of ribs. Indeed tnere is no genus, except Encrinuna, 
which shows so many on the axis, and none at all which has them so numerous 
upon the sides. 
LoedUty, — LowsR Llandbilo. Ty-obry, in dark date. (M. P. Geology). 

CheiruricUe, 

We include in this the following groups : — Cheirunu and its subgenera ; 
Spktdreaw^ua; Stauroeephahu, Deiphons Enerinurut, Cybele, 

Cheirurus Frederici, n. sp. 

PI. 8, fig. 1-^, and Woodcut 10. 

Paleontogr. Soo. Monogr. Brit. Tril., Salter, pi. 5, figs. 18-21. 

C. (EceoptochUe) uncialis et ultra. Glabella oblonga parallela, sen antUk 
cmffusttor^ sulcis distinctis radiatis, lobo antico parvo trigono, Gena punctuhta. 
Phurarum sulci simplices exarati, apices longispinosi. Cauda major, S-spinosa, 
spinis longis, rectis, subparaUelis, 

This TVilobite, only found as vet in the upper part of the Tremadoc slates, is 
a member of a genus more cnaracteristic of higher beds (Lower Silurian). 
There cannot be much doubt about the genus, unless it may be referable to 
Placoparia, which has not, so far as known, the punctate cheeks visible in this 
specimen, and has nodular, not ftirrowed, pleurae. Eccoptochile, Corda, is the 
nearest in character ; and the fine species, E, Sedgwicki, described by M'Goy, 
is the only British spedes we have to compare it with. From that fossil the 
closely punctate cheeks and parallel-sided glabella greatly distinguishes it, and 
there are some other points of difference in the elongated pointed spines and 
deep simple pleural rarrows of the body rings and tail. 

Description, — Occasionally as much as 3^ inches long, and rather wide (all 
our specimens are much compressed). The head is wide, semicircular, or less; 
the outer cheeks, occupying tne greater part of the head, are strongly punctate^ 
margined all round by a continuous furrow, and produced into a long head 
spine, — ^the border smooth. The eye very far forward, as in i?. Sedgvicki, and 
the facial suture rising so high as to cut the outer margin much in advance of 
the middle of the h^, separating a very small free cheek. The glabella is 
not nearly so wide as the cheeks ; it is parallel-sided, apparently not much 
longer than broad, and has the furrows very distinctly marked. These are 
three on each side, and rather deep, all straight and inclined a little upwards; 
the front ones especiallv, so as to have a radiate look. They reach more than 
one-third across the glabella, and thus leave but a narrow space down the 
centre. The front lobe, marked out by the two convening front furrows, is a 
wide triangle, and does not occupy more than a third oi the length of the 
glabella. The surface is granulated, not punctate. 

Thorax, in one tolerably perfect specimen in Mr. Homfray's cabinet, apparently 
composed of only 11 flat nngs, of which the axis is not so wide as the pleurae ; 
these last are convex and deeply grooved alqng the middle, almost to the ends, 
which are produced into a long sliarp spine, bent backward in all the segments, 
but most so in the posterior ones, in which the spines are fully equal to the 
length of the pleune themselves. If the thorax has 1 1 rings, the tul, which 
can hardly be oistinguished from it, appears to have onlv four or five joints on 
the axis, and three short pleural lobes on each side, which are grooved through- 
out as stronglv as and like the pleurae of the body rings. 

C. (E,) Seagwicki, according to M'C!oy^s figures, has a much more complex 
tail. But the resemblance is very close, except in the number of tail spines, to 
such species as C. Eryx, Billings,* from the Quebec limestones, and I know no 
other with which it can be dir^Iy compared. 

* Oaaadlan VaturaUst and Geologist, vol. ▼., p. 88S. 
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A luger spednKD, however, foond by Mr. Hamfnj since this descrip- 
tion WM written, hu six distinct joints to the axis, besides the terminal one, 
i7hich is small, and three pointed pleune on each side, each about as long as 
the limb is bioad, — and directed backwards, not much outwards. It is here 
Gpired : the spedmen is in Mr. Uomfraf's cabinet. 

Tho spedea is named after Mr. Frederick Ash, of Portmadoc, to whose 
loyices with regard to the geology of this part of N. Wales such frequent 
rafinences have been made. 

Fiff. 10. 



Chdmnu Flrederiei, distorted specimen. 
LoeaUly. — Upper Trshadoc slate. Garth, Tremadoc. (Mr. Homfray's 
cafaioet.) 

Cheimnu juveitU, Salter. 

PI. 18, figs. I, 2. 

Chttntrmt elavifrmu, Salter and M'Coy, not of Dalman. Cjuvtuit, Salter, 

Hem. Geot. Surrey, vol. ii., pt. 1, pi. 7, figs. 1-d; Decades Geol. Snrrer, 

No. 7, p. 12. Paleont. Soo. Monogr. 1864, PI. 6, f. 9-12. 

The reader may consult the rather full descHptiDns above given, in which he 
will 8M the errors myself and others have committed, in the reference of one of 
tile common Candoc fossils of the British and Smndinavian area. 

It does not aopeai to range to America, and certajnly does not cross the 
British Channel into the Lusitauianprovince. 
hoeaUtf. — Cabadoc. Bala, N. Wales ; Westmoreland ; Ireland. 



ft octolobahu, M'Coy. 
PL 18. fig. 3. 
C. eheifirotu, Dahn. 7, Salter, Mem. Geo). Svnej, I.e., pi. 7, Sg. 3. C. oel» 
kibahu, M'Coy, Woodw. Pal. foss., t. 1 G., flg. 10; Salter, Paleont. Monogr. 
B-Tril. pi. 6,fig. 13, 14. 

A small species, of which we formerly only knew the caudal portion. It has 
lately been ^ured perfect ; it had a globular glabella and a truncate S-spined tail. 
LocaUty. — Carasoc. Bala, 

C. bimveroualvi, Hurch. 
PI. 18, figs. 4-fi, and var. fig. 7- 

Sil. System, pi. 14, figs. 8, 9; Salter, Decade 7, GeoL Survey, pi. 2; Paleont. 
Monogr, pL 6, figs. 9-18. 

We have reproduced here the principal figures of thb really large and very 
common ttilobite, which ranges &om the Caraddc to the Ludlow rocks 
indnnve, over the British isles. Some of the finest specimens we hare seen 
were found in Cantdoe limestones, Kildare, and also at Sboles Hook, Pem- 
brokeshire (fig. 6). The fossil becomes smaller, though still abundant, in 
Wenlook rocks (fig. 4-6), and in more sandy strata (it loves limestone best) 
■smimtg QCca si o n aU y an extra prong to the caudal shield (fig. 7). 
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Encrinurus sexcostatus, Salter. 
n. 19, figs. 6, 6. 

Decades Geol. Surv. 7, pi. 4, figs. 1-11 (Zetkus, M'Coy in Pal. foss. Woodw. 
Mus.), Cyhele sexcostata, Salter, Mem. Geol. Sun'., vol. ii., pt. i., pi. 8, fig. 10 
(only). 

An interesting Lower Silurian form of a genus far more common in Upper 
Silurian rocks. The present species is not unfrequent at Bala» in N. Wales, 
and Haverfordwest, in Pembrokeshire ; but I do not know it in other localities. 
It is remarkable in the genus for the bluntness of the tail, and the smaU size 
of the tuberculation on the head. The eyes too do not appear to have been so 
large and prominent as usual in Encrinurus, 

Locality. — Caradoc. fiala, &c., N. Wales ; Shoalshook, &c., near Haver- 
fordwest, S. Wales. 

Cyhele verrucosa, Dalm. 

PI. 19, fig. 7, head only. 

Part of Cyhele sexcostata, Salter, in Mem. Geol. Surv^, vol. ii., pt. 2, pi. 8, 
fig. 9 (only). C. verrucosa, id., in Decade 7, pi. 4, p. 4, Vyhele, Loven. Atrac- 
topyge. Hall and Corda. Zethus, M'Coy. 

In the work above quoted, I have figured this as the head of Encrimmrus 
(Cyhele) sexcostatus, but we had not then found the perfect animal. I corrected 
this in the Decade above quoted. For Angelin's complete figure of the Cyhele 
verrucosa shows how very near that genus approaches, in some of its species, 
to the genus Encrinurus. There is the same davate shape of the glabella, a 
similar set of furrows on it, viz., 4 distinct pits on either side, and the same 
clavate eyes as in Encrinurus. But there are 12 rings in Cyhele; C. bellatula 
{Calym. of Dalm.) has certainly 12*, and the 6th ring in this species has a 
decided protuberance at the end, showing a tendency towards the fuller de- 
velopment of spines on the hinder segments of Zethus. All this differs ftcsm 
the Russian species described by Pander and Volborth as Zethus verrucosus, in 
which the glabella is not clavate, and the hinder pleurae only are abruptly 
lengthened out. 

Zethus hellatulus {Calymene bellatula), Dalman, however, sent us by Professor 
Volborth, has the shape of C. verrucosa, and I should propose, therefore, to keep 
these in the genus or subgenus Cyhele, distinguishing it from Encrinurus Irf 
the number of segments (12), which in the principal species, C verrucosa, are 
all lengthened out into long spines. 

I re&n the genus Zethus, only because the name is extant, and the species 
Z. verrucosus, Pander, fiilly described and figured by the careful Volborth ; for 
Zethus was founded chiefly on a glabella of one of the Cheiruri (see Decade 7, 
pi. 4, p. 1), and Cryptonymus must, I think, be rejected entirely. It was ori- 
ginally intended for certain Asaphi bv Eichwald, who afterwards, seeing hit 
mistake, endeavoured to restrict it in 1&40 to the tuberculate species now oJled 
Encrinurus. But Emmrich appears to have neglected this, and suffldentlv 
indicated the genus Encrinurus in his scientific essay, 1845 ; M'Coy adopted 
and describe^ it in 1846, since when the genus has been universally adopted. 
No good would be sained bv reverting to the appellation Cryptonymus, and the 
name itself is objectionable m many respects, it may stand for a subgenus of 
Jsaphus, as Angelin has already proposed. 

lAchada. 

Perhaps if we include in this abnormal group the genus lAchas and its sab- 
genera, we shall be going as fsir as our materials permit us at present to do. 

lAchas laxatus, M'Coj. 

PI. 19, figs. 1, 2, 3. 

L. laxatus and Calym. forcipata, M'Cov, Synopsis Sil. foss. Ireland, t. 4. 
L. laxatus, Salter, Memoirs Geol. Surv., vol. ii., pt. 1, pi. 8, fig. 4-6. 

Locality. — Caradoc. A fine species, very common in N. and S. Wales. 

* I should certainly prefer to regard Cyhele as thus defined, vis., C hdlatula^ 
C. verrucosa^ as a sab-genus only of Encrinurus. The Zethus verrucosus. Pander, is 
quite a different fossil, and may fitly become the type of another sub-genus or genus, 
aa aboTe said. 
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Calymenida, 

Calymenef the most beautiful form in the whole order, and HomaUmotiu, its 
anomalous ally, are found wherever Silurian rocks occur. It is probable that 
both of these genera transgress a little the upper limit of the Silurian system. 
Homalonotus certainly does. And it is certain that they begin with its lowest 
zones immediately over the primordial series. 

Calymene. 

Perhaps one of the most Irpical forms of Trilobite, and di£Pering from all 
other genera in having the surface t>f the eye of soft texture. 

The species di£Eer only in slight particulars, at least in the larger part of 
the 20 or 25 kinds known. Some, nowever, have marked and distinguishing 
characters. The common C. Blumenbachii is at once the most widely spread 
and the longest lived ; for it is known both in the Lower and Upper Silurian 
of Europe and America. I believe it has been divided into several forms, 
which cannot claim more than the rank of subspecies, as they pass by slight 
p^radations into forms which no author has vet thought it right to separate 
from the type species. 1 shall therefore descrioe the Calymene cambrensis and 
C. brevicapitata, as varieties or subspecies only ; they are reco^izable forms. 
And if any should choose rather to regard them as species, their relative value 
is still the same. 



I have given a plate of various species of this genus (pL \7), ascending firom 
the Llandeilo to the topmost beds of the Lower Silurian, in order to show the 
gradations between the so-called species in the Caradoc and Llandovoy beds, 
and the real distinction between these and the Llandeilo species. The genus 
began with the Lower Llandeilo, and continued to the close of the Silurian 
system, the bounds of which, as above said, it only slightly transgresses. 

The grouping of the species is as follows, in Britain : — 

Lower Llandeilo (Arenig group) - C. parvifrons. 

Upper Llandeilo - - - C,auplicata,C.cambrensis,C,Tnstam, 

Canuloc - - - - C. Blumenbachii, C. senaria. 

Lower Llandovery - - C. Blumenbachii. 

Upper Llandovery (May HiU group) C. Blumenbachii, 

Wenlock - - - - C BlumenbachU, C. tuberculosa. 

Ludlow - - - - C. Blumenbachii. 

It will be seen, therefore, that while other species are short-lived, the com- 
mon C. Blumenbachii or Dudley Trilobite has hved through a variety of condi- 
tions ; hence it has varied much. And I consider the C. cambrensis and C. 
senaria sub-species only, as there are scarcely any tangible diflPer^nces except 
those of proportion ; hence the British species would be only four. 

C. parvifrons and C. dupUcata are sufficiently distinct from all. 

Calymene parvifrons, n. sp. 
PI. 12. ^. 3. 

C parvifrons, Salter, Appendix, PaL Foss. Woodw. Mus., 1851, pi. 1 F., 
fig. 7; Paleontograph. Trans. Monog. Trilob., 1865, pi. 9, figs. 25-28. 

C. biunciaUs et ultra, modici convexa, subUnis: capite subtrigono,fronte valde 
prodttctd, convexd, fere gibbd. Glabella angusta, brevissima. Geme convexte, 
oeulis remotis, subcentraUbus. Cauda lata, axi convexo, lateribus curvatis, costis 
per totum interUneatis. 

About 2 inches long, the head subtriangular, and with a much nroduced 
front, equal in length to the glabella, which is about half that of the whole 
head. The glabdla is short, parabolic, much narrower than the cheeks, which 
are convex, smooth, and have the eyes subcentral. The axis of the body is 
convex, narrower than the sides. The tail is wider than long, with a convex 
narrow axis, more prominent towards the- tip, and the sides excessively convex 
and curved down, with five ribs, fully interlined from near their origin. 

This is sufficiently distinguished by the very small size of the glabella ; and 
as it is fiiUy described in my monograph just published, need not be treated 
of more fully here. The C. duplicata is nearer than most, but has frtr too 
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narrow an axis and too flat a form ; moreoTer the shape of the glabella is much 
narrower. 

Localities. — Lower Llandbilo. Tai-hirion, on the Bala road, west of 
Arenig mountain (ColL by Prof. Sedgwick and J. W. Salter). Under Manod 
Bach, Ffestiniog (CoU. J. W. Salter, 1853); 1>-obiy, Pcnrhyn, Tremadoc; west 
of Stiper Stones, Shropshire, abundant. 

Cdlymene Blumenbachii, Auctorum. 

PL 17, figs. 1-7. 

C. spectabilis, Angelin, Pal. Suec., 1. 19, fig. 5. C Blumenbaehii. See 
Mono^. Brit. Tril., Pal. Soo., pi. 8. 

Typical specimens of this common fossil have the axis veir broad and con- 
vex, the sides being curved and steeply bent down from the fulcral point. The 
glabella is also very wide and blunt in front, and scarcely any space divides it 
from the thickened but not produced front margin. The granulation too, 
especially of the head, is coarse and unequal. 

The tail, too, foUows the character of the thorax, and is convex, with short 
triangular sides. There are about seven distinct rings on the axis, and five 
forked lateral ribs, and the sides of the tail slope qtdckly away from ^e axis. 

In our fig. 1-4 we have but little departure frvm these type characters. The 
front margin is not quite close to the glabella, and is somewhat more elevated. 
The body rings do not bend down so steeply, Und in like manner the sides of 
the tail are more curved outward, so that it presents a mbre senudrcidar and 
less triangular outline. 

These are only slight difiBerences, yet they are such as exactly lead on to the 
greater variations observable in the var. Caractaci, and thence to C senaria. 

Our fig. 1-4 is from Lower Llandovery rock. The same form has been 
figured firam the Cabadoc of beland. 

C, Blumenbachii. var. brerncapitata (or Caractaci). 

PI. 17, fig. 9. 

Syn. — C hremcapitata, Portlock, Geol. Rep., pi. 3, ftg, 3. 

Salter, Mem. Geol. Surv., vol. i., pt. 1> pl* 11> figs. 1, 2; C.forcipata, M'Coy, 
Sil. Foss. Irel., pi. 4, ^. 14, head only. C. senaria, Salter, Monog. Brit. Trilob., 
pi. 9, fig. 3-5. C. brevicapitata, Portlock's Report, second variety (C. senaria 
Conrad, Ann. Geol. Rep. N. York, p. 49, 1841). Salter, Mem. Geol. S. 1. c, 
pL 17, figs. 10-12. 

In these varieties or species the glabella narrows more in front, yet is not truly 
triangular, except in the second variety, which I suspect to be a good subspecies. 
It is the C senaria of Conrad, as above quoted, and is the more common, in the 
event of considering this a distinct form, it would be better to suppress the 
term brevicafiitata, and replace it by the term C. Blum, var. Caractaci ; as Port- 
lock evidently intended tne form with the shorter glabella. I have done this 
in the Monog. of Brit. Trilobites, above quoted. The front is produced and 
recurved, the margin not thickened or appressed against it, but projecting 
forwards. In the second variety the genmJ shape of the head is trismgulw 
(the specimens figiued by Portlock being only accidentally shortened bv pres- 
sure). The axis is broad, and the sides of the tail curve more outwards than 
in the typical variety, and less than in the neict described one, C. cambrensis. 
The coarse granulation of the surface is absent too, as in that variety. 

C parvuki of Barrande is much like C. brevicapitata (or C senana) in shape, 
and i once thought it must be identical. Good specimens of the foimer, 
however, show a depressed glabella with shallow straignt funows, and a ridged 
front. It is altogether distinct. 

I<ooa/t/ie9. ^Caradoc rocks of Shropshire (figs. 7-9) ; of Bala and North 
Wales (figs, n, 12); of Tyrone (fig. 10). 

C. Blumenbachii, var. Cambrensis, 

PI. 17, figs. 13, 14. 

C. brerncapitata (part), Salter, Mem. Geol. Survey, vol. ii.. Part 1, pL 11, 
figs. 3-5 (not 1, 2). Monogr. Brit. Trilob., 1865, d1. 9, figs. 12-14. 

C. modica eUmgata, altUacea, glabelld brevi, caudd incurvd. Frons produeta 
si^ecta. Glabella trigona, lobis utrinque binis, tertio obsoleto, Cauda axe 
angusto ; tateribus valde curtfis muUisulcatis, sukis binis. 
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This variety, or species, for it may be so considered very justly, though 
hitherto confounded by me with C. brevicapitata, differs m the following 
particulars: — 

The glabella has only two distinct lobes, the upper lobe being minute and 
an but obsolete, thus (as in C. pulchra^ Ban.) giving a "jfevr de lis** appearance 
to the glabella. The front margin projects straight out, 'and it is not at all 
recurved. The general surfooe is finely granular. 

The tail di£Bers still more from the typical form (which has sloping sides and 
only 5 partially forked ribs). The sides in C. cambrensig are greatly curved, 
see ^. 5 in the above plate. • 

The distance, so to speak, between the variety here called C. cambrensig and 
the Caradoc variety, C. brevicapitata or senaria, is more considerable than between 
this last and the ordinary type; or rather the short interval is not bridged over 
by known connecting varieties.' I prefer to retain it as a variety or subspecies 
for the present. 

LocaUty. — Upper Llandbilo. Throughout South Wales, abundant. 

The Calymene parvifrons above described has a still shorter glabella, and its 
front so much moduced that it cannot be properly identified wilii any of the 
varieties of C. Bhtmenbacha. But even tms is not so remote a n>rm as 
the Cal, dupUcata, a fossil which occurs with the C. cambrensis in the Llandeilo 
rocks, and which is next described. 



[C. BluToenbachii seems indifferent to its habitat, on sand, in mud, occasionally 
in limestone, and^ to iudge from its wide range and its associates, it must have 
lived at various depths of water. C. parvifrons, on fhe other hand, has only 
yet been found in beds which have evidently been formed in shallow water; and 
C. duplicata is found only in black shale, and is possibly a deeper-sea form.] 

C duplicata, Murch. 

PI. 17, figs. 16, 20. 

Salter in Siluria, 2nd ed., pi. 3, f. 6. Monog. Brit. Trilob., 1865, pi. 9, figs. 19-24. 

C. sesquhaidaUs, punctata, depressa,fronte vix productd. Glabella paraUela^ 
Umga, Ocidi antici. Axis corporis angustus, caudtB langus prmangustus, nee 
quartam latitudinis effidens, Caita inierlineatte. 

An inch and a quarter long, and about seven-tenths broad, with a scarcely 
produced front, not above one third the length of the glabella ; a very narrow 
axis, and a man^r-ribbed tail. 

The glabella is rather parallel-sided than parabolic, one fourth only the 
width of the head (in the $ form broader), with three well-marked lateral 
lobes, the lowest not greatly projecting beyond the others, depressed, not rising 
above the level of the broad gently convex cheeks, on which the small eye is 
placed very forward, and half the width of the glabella fr^om it. The neck- 
furrow is sharp, the axal frirrows narrow and deep ; the sur&ce of the head is 
finely granular. 

The Dodv has a very narrow, rather convex axis ; — in some specimens less than 
a fourth tne width of the whole. The pleurae quite flat, as nr as, and b^ond 
the fulcrum, then curved abruptly down. The pleural groove is sharp and 
narrow, the fulcrum remote in front, and nearly at one half behind. The tail is 
semioval, with a very narrow long axis, all but reaching the margin. It is long- 
conical, marked by nine or ten ribs, and is so narrow as not to occupy more 
than one-fifth the whole width of the depressed caudal shield. The side lobes 
have seven curved furrows, interlined throughout by shallower lines. 

Localities, — ^Uppsr Llandbilo. Builth, abuni&nt ; Abereiddy Bay, Pern* 
brokeshire. 

Homahnotus bisulcatus, Salter. 

PI. 16, figs. 1-8. 

H. bisulcatus. Appendix Pal. foss. Woodw. Mus., PI. 1 6., figs. 24-31. Monog. 

Brit. Trilob., 1865, pi. 10, %8. 2-9. 

A fine species, highly characteristic of the Caradoc sandstone of Britain, and 
described rather fiilly in the works above quoted. 

Locdlities, — Shropshiro and Wales, everywhere in Caradoc rocks; but 
found rarely in Llandbilo, and even in Lowbr Llanoovbby beds. 
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H. bisttlcatus, Salter F 
PI. 11 a, &gr, 8. 

Although very imperfect, this specimen clearly represents the species abuve 
quo;ted, ur at least tnere is no appreciable difference between crushed specimens 
of one and the other. 

Locality, — Lower Llandbilo. Ty-obry, near Garth, Portmadoc, in black 
slate; also W. of Tremadoc (Prof. Sedgwick's coll., 1857). 

Homalonoius rudis, Salter. 

PL 16, figs. 9-11. 

Synopsis, Pal. foss. Woodw. Mus., PL 1 £, fig. 20. Monogr. Brit. Trilob., 

1865, pL 10, figs. 12-14. 

This also has been pretty fully described, as above. I have since found good 
specimens of the cauoal portion in the fine yellowish grits of Cressage, Shrop- 
shire, th& surface of which is finely tubercular, and the axis faintly nodular. 
These specimens show also that the lower furrows of the tail are as strong as 
the front one in this species : they are far less conspicuous in the kindred species 
H. bisulcatus. Moreover H. rudis is strongly trilobate ; while the other follows 
the general form of the genus, and is related to numerous species of so-called 
Trimerus in the American rocks. H, Brongniartii, from the sandstone of May, 
Normandy, and lately described firom S. Devon, is an extreme example of the 
simpler form of the genus. Its caudal edge is much incurved, and the species, 
like all other Normandy fossils, is well distinct from the British forms. 

Localities. — Fig. 11 from the Caradoc or Bala rocks of Shropshire, near 
Cressage. Figs. 9-10 from near Bala, N. Wales. 

Bryozoa. 

GraptoUtes. 

I have but one or two new species to describe, }ret cannot pass over this 
opportunity of making a few remarks on a group which is most important as a 
Silurian index, and is vastly more populous in species and genera than was 
till lately believed. The fiimily of Chraptolitid/B is now exciting rene\i'ed attention. 
Barranae has, as usual, been in the advance with his full descriptions and exact 
figures. Professor M'Coy first defined the genera, Geinitz has endeavoured to 
systematize the nomenclature, and Professor Hall's work on America gave us 
many new forms. But the discoveries of the latter author, and of Sir W. 
Logan in Canada, have thrown an entirely new light on the extent to which 
the members of the group vary in shape, size, and complexity of form. And 
assuredly we are yet but little nearer to their true alliances than we were 
aftier the first memoir by Boeck, when he referred them to the Alcyonariam 
Polypes. 

My own belief is that th^ are Polyzoa. I think Professor Huxley first 
suggested the resemblance of the disk-bearing forms to Defrancia. And I 
endeavoured from another point of view to bring them into comparison with 
the PaUeozoic FenestelUs, by describing Graptopora as a connecting genua.* 
But another interpretation may be given to the forms and structures of the 
group, and their reference to Sertulariadts has satisfied both Professors M'Coy 
and Wyville Thompson. 

The point I would chiefly call attention to is that there is a complete series 
of forms, firam the very simplest up to the most compound, in this remarkable 
ftimily. Sir W. Logan's discoveries only complete what was evident enough 
before, and it is with something like astonishment I find Professor Hall con- 
tending that the branched and dichotomising GraptoUtes are the only perfc^ 
specimens, and that all or nearly all the species which have the cells on one 
side only of an axis, must be imperfect specimens of this general form. Pro- 
fessor Hall has repeated this opinion again and again, both in the reports of the 
Canadian Survey and those made to the regents of the New York University, 

* Before the Association of American NatunlistB at Montreal in 1867. Prof. Hall thinks this 
is identical with his Dictponmta figured in vol. ii. of the Palaeontology of New York, pL 40 F. I 
bavo never seen the cells of that genus, and liavo some doubts of the correct reforeDOO. But the 
Professor speaks poaitiTely, and I have no means at present of deciding upon his aasotion. 
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while describinff the new and abondant material which has been so diligently 
collected together. His opinion will have great weight, but the evidence 
against it lies both in the mode of occurrence of these bodies, and even more 
in the very complete series of forms which can be furnished by our cabinets. 
It is even probable that the majority of the specimens we see are somewhat 
imperfect. But it is certain that in any rock where these remains of a single 
species are abundant, we should find some in a more or less perfect condition. 
It is moreover certain that the Graptolites, occurring in great shoals in muddy 
deposits, probably of a deep sea, onen unaccompanied by any other fossils, and 
tranquilly laid down upon the soft carbonaceous mud, would be less Ukely to 
be broken up than most fossils. We might suppose that specimens found in 
sand or conglomerate would be mere fragments. But such as are invariably 
imbedded in soft shale should be as little likely to be disturbed or broken as 
any other kinds of organic remains. 

M. Barrande has perhaps given the most perfect specimens yet figured, and 
in these the simple ones start directly from a pointed base, this base being 
moreover curved, sometimes strongly so, while tne long stems of the ordinary 
species are often a foot in length. The Diplograpsus, or double GraptoUtes, 
evidently could never have consisted of two single GraptoUtes, the line of 
junction being quite soldered up ; and to show that this is a character of struc- 
ture, and not mere cohesion, we have only to refer to such forms as D. ramosus, 
in which the two rows of cells, when parted naturally as branches, have 
diverged at a considerable angle, the separation of the stipes being an exception, 
not a rule. 

Didymograpsus is the next step in the series, a real bifurcation from the 
base; and the radix, minute in some species, is in others lengthened out into a 
long acute point, and the branches reflexed. Dichoffrapsus, proposed by 
myself in a short note to the Geologist, vol. 4, p. 74, for tne veiy compound 
forms discovered by the Canadian Survey, carries the system of bifurcation 
further still. Dendrograpsus has the branches numerous, unsymmetrical, and 
crowded, while Dictyonema completes the series, by showing the numerous 
rod-like stems, each with their cells in double row, connected bv numerous 
transverse bars into a network like that of Fenestella, to which indeed, I 
believe, it forms the passage group. Such a complete series of forms, from the 
simple rod with a few cells on one side, to double, forked, branched, casspitose, 
and net-like forms, should find favour in the naturalist's eyes, as an unique 
group. It is perfectly certain we have the entire forms in each case, and I 
think, on further consideration, the eminent palaeontologist of the United 
States will agree with us. 

Graptolites Sagittarius, Linn. 
PI. llfl, fig. 2. 

Hisinger, Leth. Suec., t. 35, fig. (^i G, virgulatus, Scharenberg iiber Grapt., 
t. 1, figs. 8-11, t. 2, figs. 2-7; G. Barrandei, id., figs. 5-7; Monograpsus 
Sagittarius, Geinitz, Graptol. t. 9, fig. 3 ; 6. incisus, Harkness, Quart. Geol. 
Joum., vol. 7f pi. 1, fig. 8. p. 62. 

llie species is distinguished easily by the very prominent straight cells, 
truncated obliquely, without any reflection or contraction of the c^-mouth, 
and with a small spine (in some states) directly in the line of the cell from 
the lower angle of the mouth. 

G. Barrandei of Scharenberg, seems to me to be exactly the same thing ; and 
the species he figures as G. virgulatus is, I think, an ordinary variety with 
less distinct cells. It is difficult to fix the limits of Graptolite species. 

Locality, — Lower Llandkilo. Llanfaelrhys, South Caernarvonshire. 

DiplograpsttS bicomis, Hall. 

(PL 11a, fig. 1, 6. c.) 

Hall, Pal. New York, vol. i., pi. 73, ^g, 2. 

I see no tangible character to distinguish this (when the forked base is 
absent) from D. teretiusculus of Hisinger. It is, however, of a different 
aspect, for the cells, which are square, not pointed, arc only half the distance 
apart, which they have in D. teretiusculus, and the whole frond is smaller. I 
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have never seen any above an inch in length (Hall figures it nearly double this 
length), while D. teretiusculus has often, rods three or four inches long. 

Localities, — Upper Llandeilo, Clarbeston, Haverfordwest; Lower 
Llandeilo^ slopes above T^ddyn dicwm^ near PenlnorfiEi; ly-obiy. We have 
only the lateral view. 

Diphgrapsus teretiusculus, Hisinger. 

PI. 11a, fig. 3. 

Hisinger, Leth. Suec, t. 38, fig. 4; Scharenberg iiber Graptoliten, t. 2, 
figs. 17-32. 

This fine and very common GraptoUte is a characteristic Llandeilo species, 
never falling, as I believe, below or rising above that formation. I have given 
the synonyms and reference to figures above, as I believe these truly represent 
the fossil. I might have quoted others less characteristic, and believe D. rectan- 
gularis, M'Coy, to be the same species. 

Locality. — Lower Llandeilo; Ty-obiy. Llandeilo Flags; Mona Mine, 
Anglesea; Llanerohymedd, &c. 

Diphgrapsus barbatuhts, n. sp. 

PL Ufl, fig. 1. 

D. foliaceus, angustus, cellulis obliquis rectis prominulis, quam latitudine ojeis 
lonffiaribus, ortbus transversis, sese spatium cellula remotis. 

Though unwilling to name a single new species, I cannot find that this 
agrees sufficiently with any described ones. Professor Hall has figured so 
many forms under the name of Chraptolites vristis, that it is impossible to say 
ours may not be identical with that figured in his plate 72, fig. le or 1^ ; but 
if the form we are in the habit of ascribing to the 6. pristis of Hisinger 
be the true original species, this Lower Llandeilo fossil must receive a 
separate name, as the frond is much narrower, and the cells less crowded and 
less prominent. Hisinger's figure is more like our specimen, but has the cells 
too prominent and too Uttle oblique to answer to it ; on the whole it is safer to 
give a new name. 

I believe the true D. pristis is the Caradoc species known under that name 
in Ireland, Shropshire, and South of Scotland. The Llandeilo flag species is, 
I think, nearer to D, secalinus. Hall ; and this Lower Llandeilo form appears 
to me distinct from both. 

Locality, — Lower Llandeilo. Ty-obry, Garth, opposite Portmadoc. (Mus. 
Pract. Geol.) 

Diplograpsus ramosus. Hall. 

PL 11 A, fig. 1,1 o. 

Hall, Pal. N, York, vol. i., PL 73, fig 3. 

I have nothing to add to Professor Hall's description, but it is satisfactory to 
find this and other well-known Llandeilo flag graptolites extending their range 
into a lower formation. The Lower Llandeilo nas all the shells, and nearly all 
its trilobites distinct, but the graptolites in the main are the same as those of 
the Upper Llandeilo, not entirely so. 

Locality. — Lower Llandeilo. Ty-obry, near Garth, Portmadoc. 

Diphgrapsus mucronatus. Hall. 

PL 12, fig. 1 ; PL llfl, fig. 6. 

Hall, Pal. New York, vol. L, pi. 73, fig. 1 . 

Though but a small specimen, we must at present identify this with the 
species figured by Professor Hall. The peculiar shape of the cells, prcnecting 
outwards almost as much as their length, and their upper and lower edges so 
equal and alike^ that it is difficult to tell the anterior from the posterior 
margin, easily characterize the species, and the long spine to the mouth 
completes the bizarre appearance of the species. 

Locality. — Lower Llandeilo. Above Tyddyn Dicwm (pi. 11), Ty-obiy, 
Garth, Portmadoc (pL 11). 
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DidymograpMM gwmuiMiy Hinnger. 
PL 11 B, fig. 8. 

Hiaiiiger» Leiluea SuedcAy pi. 38, fig. 3 (not of Siliiiu» 2iid ed., p. 50, 
Fon. 8). 

The trae species, with branches ninning parallel or sub-parallel, is found in 
the dark msf micaceous slates of Lowbr Llanpbilo, and with it, strangely 
enough, the following common species, which always seems to accompany it, 
both m Sweden and Britain. 

LoeaUty, — Lowbr Llandbilo. Cefh Gwynlle; Shelve, Shropshire. 

(The Swedish form is fiom the Lower Grraptolite schists of Aher.) 

Didymogr(qi8us kirundo, Salter. 

D. gemmuB, Siluiia, 3rd ed., Foss. 8 fig. 8 (not of Hisinger). 

D. triunciaUM et ultra^ btpennit, ramis trims, nsque ad anguium 180° rtfiesU 
reetis. Rand ad bases angusHf dein latiores, ceUuUs approximaiis, apieibus recur- 
vis, serraHs, 

Although this fossil diflEers in some respects finom a common Swedish species, 
I do not hesitate to identify it at present only premising that, if better speci- 
mens should turn up, the English form must retain the name; while the cognate 
appellation of the variety (D. Cypsehu^) may serve as a spedfic designation of 
toe Swedish form. It is not uimequently labelled B, gemimu in collections. 

The British fossil, commencing with a minute radide, opeus at once to an 
angle of 180^ ; instead of curving downwards for a very short distance, and 
then running straight outwards. But though this is tiie case with most of 
the Swedish specimens, a few have the character of the English form. The 
spedes appears to have grown to a great length, both in the Swedish and 
tne British varieties. D, gemmus is a totally different fossil. 

The Swedish fossils come from the Lower Graptolite schists (Lower Oslo 
group, Kjerulf) of Aher, which I believe will have to be identified with our 
Lower Ufloideflo. 

LocaUty. — Lowbr Llandbilo. W. of the Stiper Stones. 

Deitdrograpsusfurcatula, n. sp. 
PL 11 A, fig. 5. 

Not above an inch high, slender, repeatedly dichotomous at a small angle, 
and beset with numerous conical cdls with simple mouths (and no spines) on 
a slender rhaehis. 

A small bushj spedes, of which the above is nearly all that can be said. As 
to structure, it is httle more than a film on the surfooe of the iron-stained 
slttte ; but the simple shape of the cells can be made out, and they are very like 
^ose of ordinary GraptoUtkus, such as 6. Nilssoni or 6. tetnds. They aie 
still more like uie figures of branched GrcqftoHtes given by Hall. I think 
TTkamnogr<q)tus of HaU can hardly be distinguished fran Dendrograptus. 

See report of progress for 1857 of Geol. Surv. of Canada. 1858. 

Locahty. — Lowbr Llandbilo. ly-obiy, Penrhyn. 

Dietyonema. 
Hall, Pal. New York, vol. 2, p. 174. 

General diancter a rooted cup-shaped frond, of long, paraUe^ dichotomous 
branches connected by very irregularly placed processes (dissepiments). The 
branches of corneous texture (without a fibrous layer), with a double row of 
cells (n^ch have prpjecting angular mouths) on the inner sides of the frond. 

Dietyonema sociaJe (Salter). 
PI. 4, fig. 1. 

Rcf. Siluria, 2nd ed.. Appendix, p. 641, 662 ; Graptopora, p. 47, Foss. 7, fig. 3. 

X). triunciale,Jrondibus tubulosis congregatis, 3-4 ex eddem radice tentd : ramulis 
paralleUs approxifnatis j dissepimentis crebris. 

The English apedes may not orove identical with the larger Scandinavian 
form {Giirgonia jtabeUiformis, Eichw.), and I have, therdPore, given a separate 

* The Latin name for the swift (Hirundo aptu^ Linn.) 



332 THE GEOLOar OF MOBTH WALEB. 

specific character. But the two Appear to me, except in size uid in the rc|niliuit7 
of the meshes, to differ in no important paiticulor. M. Kjerulf, in a collection 
lately sent from Xorwaf, included specimens of the Scandinavian form ai 
Feaeslella lociaUs, under which name the English species had been for some 
time in our cabinet. It was not until 1S57 that I discovered the generic 
chvacter in the projecting denticles of the inner surface of the Famuli ; which 
character had also escaped Professor Hall, in characterizing the genus from 
American Upper SUurian specimens (Pal. New York, vol. ii., 135'2, pi. 40 F, 
fifl. 1). A description by myself of the genus Groptopora was read before the 
American Association of Science, IS57. 

The fronds arc frequently 3 inches long and H broad at the top, cup-afaaped, 
and pretty regularly conical. They are very generally grouped in threes or 
fours at tlie base; and must have grown obliquely, if not horizontally, a» ther 
now appear upon the slabs. The attachment (&g. la) is a short radicle, whicn 
soon branches into three or four dichotomising stems, and these again branch 
three or four times in the lower and middle part of the frond, till the full 
number of 30-35 parallel stems (or interstices, as they used to be called) are 
obtained, which end rather abruptly and regularly at the upper margin. 

The branches themselves are minutely flexuous throughout, and throw off 
on either side thin processes (or dissepiments), very irregular in direction and 
position, sometimes oblique upwards, sometimes downwards, and not un- 
ftequently two close together or partially coalescing (fig. Ic at t). The cells 
are visible even on the back of the frond as a double taW on the branches, 

Srojecting a little on each side of them ; they are rather closely set, about the 
iameter of the branches apart. 

The mouths of the cells only show on parts of the English specimens 
(fig. le at *), but are clearly seen in those from Scandinavia, along tae whole 
length of those branches which are laterally compressed. 

They are projecting angular processes, exactly like the teeth of GraptoUlts, 
the lower edge oblique, and produced upwards into a short spine, the upper 
edge nearly straight and horizontal, or a very little concave. They are not 
unlike the cell mouths of Dtdymograpiua i/eminut, a species of Graptolile which 
occurs with Eichwald's Dictyovgma in the lowest slum slates of Scandinavia. 

The irregularity of the dissepiments is a character not very rare in FautteUa. 
The projecting corneous cells will, 1 think, separate Dictyomena from the 
Fenestellida, and probably constitute it a connecting link between that family 
and the GraptoHthma. 

It has long been doubthil to what class and order GraplolUes belong. 
M'Coy stands almost alone in referring them to the Sertulariadt. Most 
naturalists have Followed Dr. Beck in classing them with the AicyoBaria* 
polypu, Virgularia or Pennatida being the forms with which they are com- 
pared. And the figures by Geinitz and Richt«r of some branched and compo- 
site forma, probably belonging to the GraploUthina, have tended to conmm 

Prof. Hmiley hat suggested the Polyzoa or Bryozoa as a group to which these 

bodies might belong. The symmetrically branched forms connected hy a 

corneous expansion at the base, found by Sir W. E. Logan in the Caradoc 

rocks of Canada, seemed especially to &vour this analogy with D^raneia, &c. 

But there was no link to connect the homy tubes and long projecting cells 

of the Graptolitta with any of the forma of Bryozoa so abundant id ths 

Palieozoic seas, 

T^iis link, or one of the links, has at length been supplied by the 

it genus. The FmtsteUida are recognized as an extinct group of 

■00 allied to Retepora, and differing from it cliiefiy by the presence 

vertical fibrous layer on the reverse side. But all the known spedes 

^careouB, furnished with the fibrous layer above noted, on which 

et short cells quite distinct from each other i so that to convert a 

lella into a GraploliU, even supposing we have the least branched sjiecies 

e former, and the most complete of the latter to compare, it would be 

lary to get rid of nearly all the calcareous Toaterial, reduce the skeleton 

acre thread (the axis), and lengthen out the cells enormouslv, while they 

made fully to communicate with each other at their bases, fhe connect- 

rocessestoo (or dissepiments) of FenttttUa must be removed, as nothing 
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of the kind has yet been observed in the Graptolitkina other than the present 
genua. 

In a letter from Count Keyserling to Sir R. I. Mivchison, he says that the 
Gorgomaflabelliformis is abundant in the lower schists of Russia as well as 
Sweden^ and that Angelin had proposed the name Phyllograpsus in MSS. for 
it (Siluria, 2nd ed., p. 369, note). It is evident, therefore^ tnat the Swedish 
palaeontologist has observed the afi^ity above noted. And I would willingly 
nave adopted his unpublished name, were it not that Professor Hall feels con- 
vinced* of the identity of this primordial genus with his Upper Silurian 
Dictyonema : were there, however, any doubt of the identity of the two genera, 
the name Graptopora would be more in unison with those of other genera of 
the FenesteUiaa, and at the same time indicate what I believe to be a true 
relation with the Graptolite group. 

Locality. — Uppermost Lingula Flags. — In black slate at Bron Foel slate 

Quarries, S.W. of Tremadoc,— abundant. In beds in the railway above Plas 
>akley, Maentwrog, — rare. Brampton Bryan Park, Pedwardine, Shropshire ; 
Keys End Hill, Malvern. 

Brachiopoda. 

lAngulella, n. g. 

Nearly equivalve, broad oblong, the ventral valve pointed and with a distinct 
pedicle groove. Muscular scars strong, nearly as in Obolus, but the pair of 
anterior retractors (C.) are more linear, and the sliding muscles (B.) small, and 
not quite so external as in Obolus. 

The form, as well as what we know of the interior, is more like Lingula than 
Obohu ; but the arrangement of the muscles in the onlv valve of which we 
possess the interior (venfaral?) is more like the figures of Obolus. The interior 
retractors diverge widely and are linear, the central (protractors ?) come nearly 
down to them. And the external (or sliding) muscles are too small and too 
near the centre for Obolus. 

The descriptions of Obolella, BiUings, Geol. Surv. Repts. Canada, 1861, 1862, 
a good deal recal this, but his later figures show a very different set of muscu- 
lar scars. 

L. Davisii, M'Coy. 

PL 2, ^. 7-12; PL 4, fig. 14. 

Syn. — Lingula, Davis, Quart. Geol. Journal, vol. ii., p. 71 ; TheTremadoc 
lAnguUif Sedgwick, ib., vol. iiL, pp. 140, 143, 147 ; L. DatisH, M'Coy, Synopsis 
Vfoodw. Mus., pi. 1 L, fig. 7 (also when distorted as Tellinomya lingulacomes, 
id., pi. 1 K, fig. 18) ; Siluria, 2nd ed., 1859, Foss. 4, fig. 1, p. 45, &c. 

L. fere uncialis, lata, depressa, subplana, nisi ad apicetn acutum paullulum 
eoKvexa. Superficies regulariter striata, striis concentrtcis. 

This, the commonest of all " Lingula flag " fossils, has been abeady well 
described as to its exterior by Professor M'Coy, and figured in the work above 
quoted. The specimens were brought to Cambridge by Professor Sedgwick, 
when he first assigned their true place to the Lingula flags in 1846, as the 
ffesHniog groun. 

The very wide, depressed, and somewhat pentagonal form (satchel-shaped, 
M'Coy), the obtusely pointed beak, the straight edges meeting there at an angle 
of about 100^, and the irregular fine ridges of growth, have all been described 
accurately by Professor M'Coy. The interior presents everywhere traces of the 
points of connection with the mantle, both on the margin and on the ovarian 
region (pL 4). The muscular impressions very rarely show at all, but, as above 
described, we have them in one specimen. The hinge area (in the more 
pointed valve at least, for we cannot be sure of it in the other) is flat, rather 
Droad and striated : the groove for the pedicle is linear and well pronounced. 
The surface is remarkably even and regular, the median area not raised at all, 
nor distinctly striated, nor in any way separated from the general sur&oe. 
The lines of growth are remarkably sharp and distinct, and yet are not regular 



* In letters received fh>m Profenior Hall; also in his contribution to the reports of the Qeol. 
Surf, of Canada, Rep. Progress, 1859, p. 148, where the genus is described, and the affinities of 
the Orap(oUi48 with other Bryosoa discussed, p. 141. 
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•true. Nor can we in most caftes detect anv long^dinal lines. Hej sometima 
occur over the anterior portion, pi. 1, ^. 11. 

Localities. — Everrwhere in the middle portion of the Lingula Flags ; iwe 
in the lowest and highest portion^ hut of nearly full siie again in the sandy 
beds of the Uppbr Trbm adoc slate. Specimens as nearly always more or leu 
distorted ; and in that state have been reieiTed to TelUMmiya. 

lAnguUUa kpis, n. sp. 



Kg. 11. 




Lower Tremadoc, Borth woods» Portmadoc. 

L. minor, vix semiuncioKs, quam L. Doomt rotundior, ovata, apiet acuto 
Impresnones miuculares centrales profundi, pauUo divergentes. 

A smaller shell than L. Davisii, rarelv occuring in the higher beds of the 
Lingula flags^ but common throughout the Lower iVomadoOy and ranging also 
into its upper beds. 

It is broad ovate, the beak short pointed, the form convex ; the suifkoe ooneen* 
trically and sharply striate, with rather distant antiquated ridges of grow^ 
Interiorly the pedicle has a. short broad groove, and the central protractor 
muscles' fill a narrow angular space, and are strongly bordered on each sida 
In OboleUa they diverge widelv, according to Mr. Bilhngs* figures, and we have 
also a small suedes from the Upper Linfpila flag (black shales) of Malvern ? 

Looality. — ^[Lower and Upper Lingula Flags of the Portmadoc dii- 
trict.] Lower Tremadoc slate, everywhere in the TVemadoc district, and also 
near Tsi-hirion, Arenig. Upper Tremadoc, Moel-y-gest, noitii sidey and 
Garth, opposite Portmadoc. 

LingiUa, sp. 

Lingula Datfisii has been quoted from Marchlyn Mawr, Uanberis, Reports 
Brit. Assoc., BelfSut, l.c., but the species is distinct, and not perfect enough 
to describe. 

Locality, — Lingula Flags. . MarchUyn-mawr, N. of Llanberis. 

OhdeUa, Billings, Canadian Reports, 1861-2. 
Section Monobolma, muscular scars united closely along the central line. 

OboleUa plumbea, Salter. 

PL 11 6, fig. 10. 

Lingula phmbea, Salter. Siluria, 2nd ed., 1859, fbss. 8, fig. 1. 

0. magna (magn. O. cinaulata. Bill.) lath trigona, ad/rontent palde rotundats, 
ad iqneem obtusa, laterwus superioribus^ rectis seu exeavatis, Supeffeia 
glabra, Uneis concentricis rugulosa, radiisque creberrimis omata, 

A remarkably broad species, the breadth exceeding the length in the propor- 
tion of 4 to 3, with a pointed beak, slightly hoUow upper margin, and broadly 
rounded bdow. The appearance is roughly pcnitagonal, but all the lower angln 
being so much rounded, it is not right to call it a pentagon in any sense. The 
surface is oolished, but marked with many concentric rings of growth, and 
strongly raoiated fma the convex beak to the fivnt margin. The muscular 
scars are remarkably strong and closely defined, and are less divided or bilobed 
than even in O. pretiosa, Billings, in which species this undivided character is 
most conspicuous. 

It is probable we have not yet exhausted all the genera of the lAnguUdm from 
the verv oldest rocks. And 0. plumbea mil hkely enough in futiue fbrm the 
type of a new genus, distinguisned particularlv by this union of the moscolsr 
scars. I have endeavoured to indicate this bv tne sectional name. 

LoeaUtg, — Lower Llandeilo. W. of we Stiper Stones, abundant, 

* I cannot adopt the term "posterior," as it must be so generaUy misimderBtood. 
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OboleUa, sp. 
PI. 12, fig. 7. 

Our figure represents this small fossil as rather too pointed* I at one time 
referred it to langula attenuata, $ow., but it is clearly distinct, and probably 
belongs to the above genus. 

Locality. — Lowkr Llandkilo. Llanfaelrhys, S. Caemanronshire (with 
Ogygia Selwynii and Graptolites Sagittarius), 

OboleUa, sp. 

PL 12, fig. 8. 

A more decided spedes of the genus than the last. It shows the central 
muscular impressions well, and has the rounded form usual in the genus. I 
do not pretend to give names to these fragmentary species. 

Locauty, — ^With the last. 

Orthia, Dalm., 1827. 

0, ealUffraimma, Dalm. 

PL 22. 

Diagnosis. — O. seadovalis sen subquadrata, cardine longiori, Valvm duct 
lentk connexm. Costa simpliceSy inierlineatiB out numerosissinuB, virgulatm; strOs 
transversis, sape longitudinalibus, omattB, Processus cardinaUs angustissimus 
linearis. 

Referring to the Memoirs of the Survey* for details connected with the 
several varieties of Orthis calligramma therein described but not figured, I 
will here only give the characters of the principal varieties from the Lower and 
Middle Silurian rocks of Wales. The species is a common one, and charac- 
teristic of the whole lower series. It has been so used repeatedly by Sir 
R. I. Murchison and other authors. 

[The kindred British species also with large ribs, O. Actonia and 0, fiabeU 
Udumf are figured on the preceding plate by the same artist Mr. Bone, and are 
faithfiil portraits.] 

From these two species it is readily distinguished by having both valves 
slightly convex; on the other hand the ventnd valve is flat in O.flabellulum, 
the dwsal flat or concave in O. Actonia, But there is also a constant difference 
in the internal characters. The central tooth or cardinal process f is quite 
narrow-linear, and reaches from the beak as far back as the bases of the hmge 
teeth (or socket walls as Professor King terms them). These teeth diverge very 
regularly at an angle of about 80^ or 90°, rarely less ; and are narrow plates, 
a little thickened outwards, and leaving a subulate hollow between them and 
the hinge margin. In the cast, the int^al between these bifid teeth filled up 
with matrix, presents a short broad pyramid, flanked by the subulate projections 
from the cavities under the hinge. The following are the variations of the 
.surface. 

In all the typical varieties, the ribs, instead of being angular as in O. Aetoni4B, 
or simple undulations as in 0. ilabellulum, are raised squarish ridges, with an 
equal mterval between them ; both ribs and furrows being crossed by dose 
transverse lines, and offcen striated by longitudinal ones. 

In the beautifrd figures by De Vemeuil (Geol. Russia^ voL iL), and in Irish 
specimens from Galway in our cabinet, this character b well shown. The 
length of the hinge line varies much even in those varieties which have the 
thick broad ribs, in the type O, calligramma it is much shorter than the width 
of the shell ; in the var. Orthambonites De Vemeuil figures some with a very 
broad hinge line greatly exceeding the general width of the shell, and he has 
also shown great variations in the number of ribs, from 14 or 16 to twice that 
number. 

0. calligramma, var. proava, Salter. 

K. 22, fig. 1. 

Our Uandeilo type, fig. 1, agrees best with the squarer varieties of O, caUi- 
gramma proper, and has the longitudinal striae as well as the transverse 

• VoL iL, part 1, p. 374. 

t Da vidaon, Introduct. BnMjhiopoda, 1868, speaka of this u iimple. It is alwiys so in Orthis 
pfrap6r. 
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ones. Otherwise I should have been disposed to refer it to the variety 
Orthambonites of De Venieuil, whose description at least allows us to recognize 
two well marked races or sub-species, viz., those with and those without the 
longitudinal lines. 

In form this Llandeilo variety comes nearest to Pander's 0. tetragonay but 
that shell has at least 20 moderate-sized equal ribs. I think I might venture 
to distinguish it as a variety, recognizable by its convex shape and square 
form, with a hinge line equal to the shell in width, a convex dorsal valve 
rather deeply lobed, and with 14 strong ribs longitudinally striate, the middle 
ones remote, the outer ones interlined and smaller. The internal septum is 
short and strong, — the hinge teeth somewhat stouter than usual. 

Locality. — Upper Llandeilo Rocks, in grits among the black slates of 
Llanerchymedd, Anglesea. 

Var. CaUiptycha, M'Coy, (var. plana, Pander). 

PI. 22, fig. 2. 

M'Coy describes his shell as a beautiful variety, difPering chiefly ftvim the ordi- 
narv form in the strength of the intermediate strisd. It has much the same form 
and proportions as the flatter valve of O. plana. Pander, and as M'Coy describes 
his variety (Calliptycha, Pal. Foss. Woodw. Mus. p. 215) as having only 18 
instead of 24 ribs, 1 am obliged to refer to the foreign type. 0. ovata. Pander, 
is a much more convex and elongate form, and I am not sure that De Vemeuil 
has rightly interpreted it. The hinge line is shorter than the width of the 
shell; the dorsal valve flat, the area broad-triangular, the ribs square, and 
the interspaces strongly ribbed lengthwise. The ribs themselves show nothing 
but the transverse squamae. And I suspect that this is the more common 
state, even in the extreme varieties next to be described. 

Locality, — Caradoc Slates of Pembrokeshire. 

Var. virgata, Sowerby. 
PI. 22, fig. 3. . 

0. virgata, Sil. System, pi. 20, fig. 15 ; Siluria, 2nd ed., pi. 5, fig. 9. 

We have but one valve of this, and Sowerby only figured the same valve in 
the Silurian system. It agrees in shape pretty well with 0. plana, or O. lata. 
Pander, having the hinge line somewhat shorter than the width of the shelL 
But it is a larger form, and has numerous, 36 or more, ribs, veiy regular and 
equal in size. 

Locality, — Caradoc. Cwm-gwynen-uchaf, Montgomeryshire. 

Var. simplex, M'Coy. 

PI. 22, fig. 4. 

Orthis simplex, Sil. Syst. Ireland, pi. 3, fig. 18. 

This, which is a convex shell, is wider than any of Pander's varieties, though 
most like his var. rotundata. It is a small shell too, and has about 32 (M'Coy 
SG^s 24) equal ribs. But its wide form helps to conduct us to the following, 
which I cannot but regard as a mere variety. 

0. simplex has well defined longitudinal and cross striae, rather thicker hinge 
teeth than usual, and the space for the muscular impressions in the ventral 
valve is narrower than that in the minority of varieties. 

Ijocality. — Caradoc, of Waterford, common. 

Vta.plicata, Sowerby. 
PL 22, fig. 5. 
Siluria, 2nd ed., pi. 5, fig. 7 ; Sil. System, pi. 21, fig. 6. 

The hinge line is very wide, both valves arc convex, the liinge area large and 
high, and the ribs are numerous, and, though regular and round^, are 
frequently interlined. They are at least twice us numerous as in any of the 
previously described varieties. They show the cross stviae and frequently a 
longitudinal stria in the hollow between two ribs. Interiorly the teeth of the 
dorsal valve diverge very regularly, and these and the long thin central tooth 
or cardinal process are of the same proportions as in the other varieties. In a 
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good Bda SDedmeiiy Mus. Plract. Geol. 8/13, the hinge area is very bioad, 
and the deltioial fissure veiy narrow. The cav^ for the muscuUur impressions 
in the ventral valve is stton^}j ridged across the sides, and the vascular rajs 
veiy strong quite up to the hinge pkte, and also a good deal branched. The 
shcSl seems to have oeen rather thick. 
LoeaUhf, — Caradoc. Bala. 

Var. WfdUaUiensis? pi. 22, figs. 6, 7- 

O. WaUsalUeHsis, Davidson, Bull. Soc. Geol. France, '2nd series, vol. v., 
p. 339, pi. 4, fig. 7 ; Lond. Geol. Joum., pi. 27, 

Hiis might be described as an extreme form of var. pUcaia, for its shape 
Bmea well. But there are the following differences, which bring it nearer to 
ue var. WalhaUiensis of the Upper SUurian (ours is a Lower Llandovery 
variety). 

The dorsal valve is more convex than in O. plicaia, and the ribs, instead of 
being numerous and slightly interlined, divide into bundles of twos and threes 
from very near their origin, and again sometimes branching at half way down 
form fesdcles of four or five ribs. There is an approach in the very numerous 
ribs to the 0. rusiica. Sow., which I regard also as a variety. That shell and 
O. rigida are however souare and depressed, the latter furrowed down the 
middle. The shell here ngured is in any case an extreme form, and yet the 
general aspect of the ribs, &eir rod-like form, cross striae and regular intervals, 
above all the form and size of the interior teeth of the upper valve, decide me in 
referring all these varieties to one species. 

LoceSity. — Lower Llandovery, Gas Works, Haverfordwest; Caradoc of 
Cefh Lhvydlo, Brecknockshire. 

It would be very difficult to say wherein any of Pander's varieties difl!ier more 
than different individuals of ordinary species differ. And though there seems 
a wide interval between the ^e vanety or the Llandeilo variety and the Llan- 
dovery and Wenlock forms, it is not difficult to show such a gradation from 
one to the other as to satisfy any impartial student that, to such extent as this 
the Darwinian idea must be a true one. 

For the present it may be convenient to retain the names — 

O. caUipramma. 
0. rusttca (including rigida), 
O.plicata (including virgata), 
O, WatUalliensis, 

But I am convinced the^r all came from one stock, and that may have 
been the small and simple-ribbed form that we find in the Lower Llandeilo 
beds, pi. 11 B., ^. 12. A range from Lower Llandeilo to Wenlock Limestone 
is a considerable one. The species may nevertheless in its more typical forms 
be considered characteristic, as the author of Siluria insists repeatedly, of Lower 
Silurian rocks. 

Orikis ealligramma, Dahn. junior. 

H. 11 B, figs. 11, 12. PI. 12, fig. 6. 

These small specimens appear to me to be in nowise different, except in size, 
from the ordinary forms of this species. 

Locality. — Lower Llandeilo. Under the traps of Manod Bach, Ffestiniog, 
at a place called Cae^glyd, a locality rich in fossils and well worthy of search. 
Also in the arenaceous mudstones of Lords Hill, and other places west of the 
Stiper Stones, Shropshire. 

Orthis alata ? Sow. 

PI. 11 B, fig. 13. 

Siluria, 2nd ed., PI. 5, fig. 6. 

Too wide for any varieties of 0. ca^ramma, with which it occurs near Shelve. 
O. alaia^ Sow., has» however, besides the extremely wide form, so unusual for 
Orthis, a distinctly smaller set of ribs at the angles, which are not present in 
our specimen. I suppose it may be the young s&te of the species. The ribs 

5342. T 
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are, with this exception, like thoBe of O. alata, butthqrare alio like ihoTiiietiea 
of 0. caUigrammet, to which species it cannot belong. 
Locality.— LowBB Llandbilo, Lords Hill, Shdye. 

Orthis, sp. 
PL 11 B, %. 14. 

A small species, with few dichotomous and interlined zibs, which cannot be 
referred to any varieties of 0. cdUigramma. 
Loca% .--LowBA Llandbilo, Mytton Dingle; and Cefo GwynUe, weat of 

the Stiper Stones. 

Qrthi$fiabelMum, Sow. 

PI. 21, figs. 9-16. 

Siluria, 2nd. ed., pl. 5, f. 12. 

0. rotunda, transversa, cardine brevi. Valva dorsalU valde eonoexa, smu uuilo; — 
altera plana, Costm simplices rotundatcB, per medium et ad marginem 2- ve/ 3- 
furcaUs, hand nisi striis concentricis lineaUB, Processus cardmalis opatus, 

I have figured the principal varieties of this fine shell, which is not only a 
characteristic but a very conunon one in all the Caradoc deposits, and ao far as 
I know never ranges beyond them into higher or lower ones, nor occurs outside 
the British area. 

It is useless to go into a minute description of so well-known a shell ; suffice 
it, that it differs at once from 0. caUigramma and aU its varieties, by having 
the ventral or larger valve flat, and the other convex without an^ median 
furrow. The intenor characters are also widely different, the teeth thicker and 
larger at the end, the central or cardinal process broad, and shorter than the 
diverging teeth, much in the way they occur in O. porcata. 

The muscular impressions (v. valve) are remarkably strong and square, very 
much after the pattern of those in 0. porcata, which is, I fear, an extremely 
close ally, though much more irregular in its striae. 

The nbs of O.fiahelhdum are simple and rounded, as broad as the intervening 
furrows ; and like them destitute of longitudinal strie, but marked by dose 
transverse lines of growth. 

A few strong fringe-like varices of growth occur near the margin, giving the 
old shell an antiquated aspect, and at about half vrw down the shell the ribs 
fork in most of the varieties, and in many specimens fork again ; when this n 
the case the ribs become angular instead of rounded. 

In the extreme variety (var. multifida) from Snowdon, fig. 17, the number of 
ribs is greatly increased, but we are already prepared for such variations by the 
parallel case of O. cdlligramma, I have no doubt whatever that it belongs to 
the present species ; and nearly the same variety occurs at Llanfyllin, Montgo- 
meryshire. 

Fig. 15 shows the general section of the shell, contrasting strongly with thai 
of 0. yJc/oftkK, pl. 21. 

Locality, — North Wales and Shropshire, eveiywhere in Cabadoc rodcs. 

Ortkis porcata, M'Coy, var. retrorsa, 
PI. 19, fig. 4. 

0. porcata, WCoj, SiL Foss. Ireland, pl 3, fig. 14, 1846; Billings, Canadian 
Reports, 1862, p. 135. 0. ocddentalis, 0, sinuata, 0. subquadrata, 0. suijugaUi^ 
Hall, Pal. N. York, vol. i., pl. 32 a» b, c, pp. 126, &c. 0. infiata, Salter, 
Quart. Geol. Joum., vol. i. ; Mem. Geol. Surv., vol. ii., pt. 1 ; var. retrors^ 
pl. 19, fijj. 14. O. inflata, var. retrorsa, Salter, Mem. Geol. Surv., vol. ii., pt. 1, 
pl. 27, fig. 3. 0. retrorsa, BiUings, Canad. Rep., 1862, p. 136, fig. 112. 
0. Carleyi, Hall, 13th Reports of the Reg. Univ., p. 120. 0. grandis, Portlock. 

One of the commonest of Lower Silurian forms, and as such it has been 
described in its numerous varieties under many different names. In the 
Western States of America it is even more frequent than with us, and found 
in a more perfect state than even in Britain. 

M'Coy's imperfect specimen was doubtless the first described and figuxed, 
and his name must be preserved. But the species exists in such abundance in 
America, and varies so widely, as to have received a great many names, a few 
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of which are given above. It is known in the Western States under the name 
0. /omuwa. 

The species is more nearly allied to O. JlabeUubim than might at first be 
supposed, and like it has the dorsal valve highly convex, and the ventral vulve 
flat or concave. Except in the irregular ribs, which are only to be found in 
some extreme varieties of O.JIa5e2li^iiiii,thereis but little diffierence between 
them. The specimens referred bv Portlock to Orikii groMdU are only fine 
varieties of this shelL See Mus. Pract. Geology. 

LoeaUty, — Caradoc rocks^ all through Shropshirey S. Wales, and Ireland. 

Orthit AetowUgf Sow. 

PL 21, figs. 1-8. 
Siluria, 2nd ed., pi. 5, f. 11. 

O. aemiovalis, cardine longo, Valva dorsalis concava, sinu nuUo : altera valde 
convexafere involuta, Costa pauea, valde angulata, profunda, minoribus inter- 
Hmeatw, et ad marginem sape coitferta. Processus cardinaUs ovatus. 

Of this I thought it necessaiy to give complete figures, and shall point out 
the characters on which we may rely to separate it completely from O.ftabeUuhtm. 
There is no danger of confounding it with any other British species. 

First, the relative convexity and concavity of the two valves is diflferent in 
each. In 0,jlabellubtm the receiving (ventral) valve is the flat or slightly con- 
cave one ; in O. Actoma the reverse is the case. O.JlabeUulumhaB a hinge-hne 
shorter than the whole width of the shell ; in O. Actonue it is much wider, and 
produced into sharp ears. The former has rounded, the latter sharply angular 
ribs. And lastly, in 0,fiabeUulum the ribs bifurcate ; in 0. Actonia they are 
simply interlined by other ribs (which towards the margin give rise to a cluster 
of small ribs). 

There are no longitudinal and but few transverse strise; sometimes these last 
are sharp and distinct. But a few distinct varices of growth are always present, 
and it is beyond the last of these that the sudden multiplication of the ribs 
takes place, which gives so curious an appearance to our ng. 3, and which has 
been well figured in Siluria. 

Internally the dorsal valve (figs. 5, 6) shows thick slightly divergent teeth, 
and a narrow cardinal process (fig. 5), and the lamelbe which bound tne muscles 
in the other valve are wide apart, much more so than is indicated in our fig. 3. 
The arese are moderate and equal in either valve. 

I do not know of any veiy well marked varieties of this common shell ; nor 
do I know Pander's species well enough to identify with any of his figures at 
present. 

Localities, — Eveiywhere in Wales and South Ireland in Caradoc rocks. In 
LowsB Llandovery in South Wales, e.g., Haverfordwest; Mandinam, in 
Caeimarthenshire ; Mathyrafal, in Montgomeryshire, &c. 

Orthis lenticularis, Dalm. 
PL 4, %s. 8-10. 

Atrypa, Dahnan, Kongl. Veteusk. Acad. Hand., 1827(1828), p. 48; Spirifer, 
Von Buck, Berl. Akad, 1834, 1. 1, figs. 13, 14 ; Jahrbuch, 1834, p. 616. 

A well marked and very pretty species, and the earliest known in British 
rocks. It is hardly ever more thui one-third of an inch wide, and most sped- 
mens are not half that size. The length is less than the breadth in proportion 
as seven to nine. Our figures represent the shell as distorted in various posi- 
tions, but the above is abcmt the average measurement. Both valves are 
somewhat convex, but the dorsal valve has a broad central depression of a 
triangular shape, bounded by two rather prominent ribs out of the 10 or 12 
strong ones wnidi radiate firom the beak, and the sinus is occupied by two sub- 
centrtd and very distinct ones. The latml ribs are strongly interlined by others 
half way up, the intervening ribs soon becoming as strong as the primary ones, 
and these again by shorter and smaller ones in the intervals. All are crossed 
by stroDg but interrupted and rather wavy ridges of growth, so as to decussate 
the surface in rather a remarkable way. 

Tlie other valve is hke in sculpture, but has a rather prominent beak, fig. 10a. 

The number of ribs varies greatly, but not in a way to make me believe we 

T 2 
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have more than one species. Nor do I see in Scandinavian spedmens* suffi- 
cient differences to warrant me in separating these^ which occur in abundance 
in the alum slates in limestone layers. 

The teeth diverge slightly in both valves ; in the dorsal valve they are sub- 
parallel and short, or even curve a little inward, and are not thickened ; while 
the cardinal process between them is a mere line or thin edge, which extends as 
far down as the length of the short latend teeth, but is often very obscure, 
and sometimes seems to be altogether absent. 

I have httle doubt this is Dalnuin's species firom Egeberg, though the specimens 
we have from thence have less prominent ribs, and a generally smoother 
appearance. There is no essential difference. 

Locality, — Uppkr Linoula Flag, Penmorfa Church, Tremadoc; near 
Cricoieth, at Ogof-ddu Cliff. 

Orthis aUemata, Sow. 
PI. 19, figs. 11-13. 

Siluria, 2nd ed., pL 6, fig. 6. Sil. Syst., pi. 19, fig. 6. O. reirorgistria, 
M'Coy, Synops. Woodw. Mus., 1. 1 H., ngs. 1&, 13. 

The original figure by Sowerby in the Silurian System is from the typical 
variety so common in the " Jacobstones " of Shropshire. But the smaller 
and wider form figured here (from an unpublished plate in the possession 
of the Geol. Survey) is far more common in Wales, and we are able to show 
in it the large central tooth in the dorsal valve, which proves it, notwith- 
standing its resemblance to Strophomenay a true Orthis, The very large ven- 
tral muscles are peculiar and characteristic. There is altogether a curious 
imitative appearance about this shell. Fragments have been constantly 
mistaken for Strophomena expansa or Lepttpna sericea. To both genera it has 
some relation. 

Locality, — Caradoc slate rocks throughout Wales and Shropshire. 

Orthis striatukt, Conrad. 
PL 13, figs. 10-14. 

0. striatukt, Conrad, sp. Emmons, Geol. Report, 1842, 394,illust. 105, fig. 3. 
0. testttdinaria, Hall, Pal. N. York, vol. i., pi. 32, fig. 1. Salter, in Mem. 
Geol. Surv., vol. ii., pt. 1, pi. 27, figs. 6-8. 0. striatula, id. in Siluria, 2nd ed., 
p. 544, foss. 10, fig. 16, 33 f. 3 ; Quart. Geol. Joum., vol. xv., pi. 13, figs. 14-16. 

Our specimens from the Upper Llandeilo flags of Caermarthenshire are 
larger and finer than any figured in American works. The O. striatula is a 
very common shell in the Trenton limestone and associated strata of the New 
World, and Hall figures it of a medium size. But his description specially 
recognizes the distinctive character, the fine, close, elevated, thread-like con- 
centric lines, which cover the surface and crenulate the ribs. 

It has a remarkably flat upper valve, rather a long hinge line for the group, 
and but slightly diverging cardinal teeth, between which the narrow csfdinal 
process is most promment near the hinge margin : the ridge dividing the 
muscular impressions is very broad and low. A few antiquated lines of 
growth vary the surface in some larger specimens. 

Locality, — Lower Llandeilo : [Lords Hill, Shelve ?], Sutherlandshire, as 
above. Quart. Geol. Joum. Upper Llandeilo: S. Wales. Caradoc? 
Lower Llandovery : north of Llandovery. 

Bhynchonella , sp. 

I need only mention here that a species, if not more than one, of this genus 
is rather abundant in some parts of the Caradoc rocks of North Wales. 

The Rhynchonella in the Caradoc have been variously referred, and veiy 
erroneously, to several Upper Silurian forms. Portlock has no less than three 
Upper Silurian names (T. crispata, T, plicatella, T. pulchra) for differently 
compressed varieties of a common Tyrone species, whicn however is not perfect 
enough to name. It is distinct from the Upper Silurian species ouotea, and 
appears to be identical with the one common along the rocky banxs of Llyn 
Ogwen, in all the lower fossil bands near the foot of the lake. 

* From Kinnekullo, W. Gothland. In the cabinet of John E. Lee, Esq., of Caer1cx>D, Monmouth* 
shire. His cabinet of fossils is a very choice one. 
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The species, though I refuse to be responsible for naming it till better speci- 
mens can be procured, is not unlike the R, serrata, a Llandovery species 
desmbed from Galway by Professor M'Coy (Sil. Foss. Inland, t. 3). The ribs 
are about as numerous as in the Irish species, in some specimens at least, but 
in none are there more than five ribs elevated ; they stand up higher than in 
R. serrata, and the hinge plates within are thicker. 

Lamellibranchiata. 

PaUBarca, Hall, 1857 ; Cyrtodonta, Billings, 1848. 

[Family Arcada, Very insequilateral, rhomboid ovate, ventricose, posterio 
ridge expanded. Umbones anterior. Anterior muscular impression deeply 
sunk, the posterior obscure. Hinge area undefined, hinge plate thick, arched, 
with a few (three) anterior cardinal teeth, placed beneath or in front of the 
umbo ; and two or three remote oblique posterior teeth paraUel to the hinge 
margin. Surface generally smooth, the siphonal ridge and posterior area only 
obscurely marked out. Pallial line simple. Ligament ?] 

Though inclined, as all naturalists must be, to admit the claims of priority 
wherever it is possible, it is not desirable at all to restore old and unmeaning 
names in preference to the one imposed by the first real describer. To insist 
on this would be to revive the old useless catalogues by collectors and dealers 
in place of a scientific nomenclature. This practice has been justly condemned 
by the late Dr. Woodward in his excellent treatise on shells, and in England at 
least the opinion which Forbes so strongly advocated is becoming general, that 
the rule of priority should be strictly observed only in regard to species. 

The name of the present genus, one very common in we old rocks, is a case 
in point. It has simultaneously received two scientific appellations, each 
accompanied by a clear and sufficient description, when it is discovered bv Pro- 
fessor Hall that his carefully described genus had been previously incluoed, as 
to one of its typical forms, in the het^ogenous group CypricarJites, proposed 
however by a real naturalist, Conrad. Tnat genus is not only insufficiently 
described by Conrad (who included in it some forms of Grammysia), but the 
name is a misnomer, lending colour to the old idea that Cypricardia had 
numerous allies in the Palseozoic rocks. Its affinities are wrongly stated, and 
it is compared with Pierinea instead of Area and Nucula. Professor Hall seems 
fully disposed to relinquish his own generic name, for which he claims a year's 
priority over Mr. Billings' Cyrtodonta, in favour of this older appellation, and 
in the Keports of the Regents he takes pains to urge the adoption of similiur old 
and ill described generic groups among the trilobites, univalve shells, &c. Such 
a proceeding would throw us all into confusion. We believe Professor Hall 
will on reflection abandon this view. A species necessarily represents but a 
single form, and a host of difficult synonyms are avoided by the adoption of the 
first post-Iinnean name. But genera are more or less abstractions, and alwavs 
require great judgment in forming them. No premium therefore ought to be 
placed on hasty genus-making, but every discouragement shown to the practice. 
The general adoption of the first well-considered name, if accompanied by 
an intelligible description, is indeed most desirable, while the law of priority 
enforced without this safeguard would barbarize our nomenclature by de- 
priving the names of our groups of all scientific meaning. Referring to 
those troublesome things called dates, it appears that Conrad's plate in 
1841 was to supplement his descriptions durmg four years in the annual 
reports {see Reports Reg., No. 15, 1862). The imperfect description had then 
the advantage of a figure, and, had this figure been intelligible, Professor Hall, 
like an other working naturalists, would only have been too glad to avail 
himself of the name, as he has done in other cases. But the group included 
▼arious forms, and the Professor, who separated Modiolopsis* from it, does not 
appear to have recognized the typical form of CypricarditesiaVL afterwards, when 
he had obtained good specimens of Pakearca. Such contretemps will con- 
tinuaUy happen, but we cannot permit an author of reputation to dismiss his 
own properly described types, in favour of antique and disused terms. As 

* Modiolopsis is very imperfectly described by Hall. And to prevent future difficulty he 
should inform its what is his typlcttl species. Prof. Kinf? has set all palnontologists a good 
iplo in this particiUar. 



842 THE OBOLOftr OF MOBTH WALES. 

PaUearea appeuv to hmve been in some waj in print in 1847i it ia unfortunftte 
that it escaped the notice of Mr. Billings, u it seenu to have done thkt of all 
others. Cviiodonta kppeued in 1848 beautifullj iUootrated, while Hall's figure* 
were prob^lv already engraved for his third volume. No blame can bo attached 
to either of the hard-working naturaliste, and it ie hoped their controveiOT may 
cease. {See Reports of the Regents of the Univ. New York, ISth, ]3lh, and 
16th, 1869,1860,1862; Billings, m Reports Geol. Survey, Canada, for 1857, 
published in 1868 ; New apaciea ( Faniurmja), 1857, id. ; New Specie^ &c, June 
1862 ; and Canadian Journal for 1861, p. 354.J 

Palaarea BiiUngtioM, a. sp. 
Woodcut 12. f. 4. 




1. Xodiolopti* pmu, Bi 
1 Palaana modielarit. 
Obliquely rhomboid, ovate and rather compreued, U inches long, and 1 isdi 
high, depth of valves united 7-lOths of an inch. The beak is anterior, beyond 

the anterior fourth, the posterior side hluntlv angulated, and much broader 
than the Homewhat pointed anterior; the bet^ small, pointed, the siphonal 
ridge strongly markeil from it to the posterior angle ; nukking the cardiniJ slope 
steep and almost vertical behind the umbo. The hinge plata is narrow, with 
three radiating posterior teeth (in the left valve) and two anterior (cardinal) 
irtiich Ue parallel to the hinge margin, not across it. Anterior muscle not 
very deep. The lines of growth in this rather thick shell are not distinct, but 
we have only the inner cast. It is a compressed shell, otherwise it ia much 
like in general character P. (Cyrlodonta) tieadi, lately published by Billings 
firom the Hudson river group (or Cusdoc], of Toronto Canadian Reports, June 
1862, p. 161). That more gibbous species is als6 more oblique than oun, and 
assumes just such a shape as ours would, if pressed obliqudy from the hinge. 
But the American spedes are in better preservation than our own, and we must 
ke^ the forms distinct. 

liocalit^, — Caradoc Slates, Nant Jorwerth, S. of UangoUen. 

Palaarea obieura, a. sp. 

Woodcut 13, f. 2. 

Obliouely convex, and with the posterior side greatly enlarged, the beak 

almost lateral. The whole shell ventricose, thick near the hinge, the area of 

which ia almc«t at right angles to the general direction of the shell. The beak 

pUoed Moewhat neuer the anterior end of the short hinge plata, «b which tm 
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porterior teeth are Yisible ; the anterior are short and thicks tbree strong ones, 
separated by deep broad pits, in the left valye, overhanging a very deep round 
muscular scar supported on the usual subcardinal ri^e, in tins case tiiick 
but not sharply denned. 

Our figure represents the internal cast, and a yiew of the hinge plate. In 
the rounded form and veiy inequilateral proportion, this shell most resembles 
P. {Ambonyekia) obhua. Hall, or the P. {Vanuxemia) ineonstans, BiDings, 
CMoadian Reports, 1867^ figs. 13, 15. 

LoeaUt^, — Gabadog, Bida. 

PaUBorea? modtokaru, n. sp. 
Woodcut 12, f. 2. 

Oblique, posterior side much ezjpanded, rounded and compressed ; anterior 
small, rounaed, somewhat divided nom the body of the shell by a slight sinus ; 
beak almost lateral, convex, scarcely tumid, and the siphonal ridge very slightly 
marked; hinge area ver}r narrow, teeth — ^?; sur&ce smooth, except occasional 
rugosities, the anterior side strongly striate. Length 2 inches, breadth across 
theposterior side \\ inch. Depth of valves united 1 inch. 

The shdl has much the asf!ect of a Modiola or Modiolopsis, but though no 
hinge teeth can be seen, I thmk we are safe in referring this straight*hinged 
aheO to such oblique-ovate spedes of the genus as P. (Cyrtodonta) canadensitt 
Billings, and C. Harrietta, id. (Reports, 1062). I teat Billings' genus Matheria 
must be included in PdUsarea. 

Locality, — Cabadoc, Bala. 

P. {Matherid f ) quadrata. 
Woodcut 12, f. 3. 

Oblong transverse, the posterior side not at all broader than the anterior, 
both en(£ somewhat truncate, beak prominent anterior, overhanging a distinct 
supine lunette ; a strong siphonal ndge from the beak to the posterior angle, 
and another ridge marking off the antmor slope. These ridges are strong near 
the beak, but the anterior one becomes faint as it proceeds downwards. Shell 
thin, po^erior teeth 2 in right valve. Anterior (two?) strong. Only one of the 
antmor teeth can be distinctly seen, it is parallel to the mnge margin. The 
shape of the shell is unusual for the genus, more like an Edmondia or 
Otthonota, It is, however, quite like Matheria tener, of Billings, and, also like 
lliat, a thin shell. If, as I believe, Matheria is only a section of Pakearca, the 
occurrence of two posterior teeth in the present species would help to connect 
the tjpe species (M. tener), which has none. Cyrtodomta mdfeannaia, Billings, 
resembles it, but is too narrow a form, with the usual hinge of Pakearca, which 
has several teeth. 

Locality. — Cabadoc of Bettws-y-co^, N. Wales. 

It is vexy probable that seveand of tiie so-called Bolabra (M'Coy) may belong 
to this genus. 

Fig. 13. 
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1. Ctmod<mtawiTico9a, 



2. Palaarea obecnra. 



^P.huOa, 
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PaUtarca ? India, n. Bp. 
Woodcut 13, f. 3. 

P. ? rotunda, inflata, tenuis, rugis concentricis nonnulUs antiquata, UmbontM 
curvi, luntdam anticam orofundam impendentea. Cardo dentibus tribus mUuUis 
anticis, postico unico, Musculi antici profundi, 

I am convinced this might fonn the type of a new genus, were I ambitious 
of founding one. On the contraiy, I rather earnestly deprecate the doing so 
till a number of species have been collected, or tiU at least a few have shown 
generic points in common. I refer it to PaUtarca because that genus stands 
sufficiently near to indicate its rehitionship to the Arcada, and is a type con- 
taining several subgenera; and not to Megalomus which it resembles esctemally, 
seeing that is a massive shell and ours is a thin inflated one. Megalomus too 
has a sub-umbonal ridge remote from the muscle, no posterior tooth, and a 
thick laminated shell. It is probably, notwithstanding its pedal scars, one of 
its allies, and one of the ArcacUe, 

The species has the deep anterior muscle, and the anterior teeth of Paksarea, 
and the subcardinal ridge bounding the muscular ^car is strong, as in many 
of the Silurian Arcada. The posterior muscle is large and triangular, but ill- 
defined. 

The anterior (cardinal) teeth 3 in the left valve, unequal of size, set on a 
rather thick hinge plate ; a single strong remote tooth on the posterior side. 
All this bears on the generic character and its relation to Area and Nueula. 
But the general form, inflated, round, with curved approximate beaks, reminds 
one of Isocardia, or at all events of Cypricardia, to which I believe it has no 
manner of affinily. 

Localities, — Car a doc, Llanfyllin, N. Wales ; S. of Llangollen, N. Wales; 
Horderley, Shropshire, abundant. (Mus. Pract. Geol.) 



Pakearca sociaUs, n. sp. 

PI. 11 A., fig. 13. 

P {? dubia), hand hngitudinem uncim attingens, transversa ovata, l^evis, nisi 
lineis incrementi disHnctis notata ; latere antico brevi rotundato, postico producto 
nee angulato, UMones elevatiores. 

Three-quarters of an inch wide, and nearlv 5 lines high, moderatelv convex, 
smooth, or with lines of growth only. The beak is near the rounded anterior 
end, but not very prominent; the posterior side produced but not angulated. 
The back straight, the ventral edge a little sinuated beneath the beak. 

The whole form, in its uncompressed and undistorted form, is that of an 
Area ; but the extraordinary shapes it can take in the rock may be seen by the 
figures 11 a,b. They might easily be mistaken for as many species. 

It is to be observed carefully that the earliest Lamellibranchiata known are 
everywhere referable to the Modiola or Area groups, chiefly the latter. For 
this suggestive generalization we have been long indebted to Professor Phillips 
(Mem. Geol. Surv., vol. ii. pt. 1., pp. 263-275. (Lamellibranchiata lists, &c.) 

Locality, — Lower Llandeilo Beds. — ^Ty-obry, Penrhyn, opponte Tre- 
madoc (abundant). 

Palaarca amygdalus, n. sp. 

PI. 11*., fig. 17. 

P. transversa, obliaua, mytiliformis, {curva F) convexafere gibba ; latere postico 
elongato, antico nulto ferh. Umbo convexiusculus omnino terminaUs, tumidus. 
Lunula minuta. Linea incrementi creberrimm, valida, majoribus squamatis 
remotis mixta, 

A pretty species. Of the genus, for want of the interior, I am not auite 
sure. But it is like the figures given by Billings of the ffcnus Cyrtodonta, wnich 
genus, as before said, appears to have been previously described by Hall as 
Pakearca. The obsolete anterior side is characteristic. 
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The sheU is miusel-shaped, but for the lounded anterior end, and the carved 
general shape. It is obHqudj gibbous, the diagonal convexity as wdl as the 
shell being bent rather thui curved upwards. The dorsal edge is concave, the 
ventral h^hly convex, and the valves meet at a veiy obtuse angle — almost 
vertical in front, less so on the somewhat broader and posterior side. 

The umbo is convex, but not much prominent, ana is quite terminal, over- 
hanging a small deep lunette on the very short obtuse anterior side. 

Toe sur&ce is marked by dose sub-equal concentric lines, among which 
stronger ones here and there indicate the varices of growth. These become 
more numerous near the very obtuse front maigin, where the valves meet one 
another all but vertically. The length of the valves is nearly 10 lines, the 
height 6 lines, the depth of the united valves 5 lines. 

LoeaUiy, — Lower Llandbilo rock. Cefii Gwynlle Mine Works, N. of 
lanl^ Hall, Norbury. 

Ctenodomta, Salter, 1851 {see Stturia, 2nd edit., p. 213). 

The shells to which this name is applicable have been long known as species 
of Nuemla, Leda, Area, &c. in the old rocks, llie discovery of very perfect 
specimens by Sir W. Logan in Canada first showed the true characters of tiie 
group; the external Jigament being a striking distinction between it and 
ordimoy Nuemla. In other respects the palaeozoic species are like the deep- 
water genera above quoted, some having a short posterior side like Nvcula^ 
others a long one as Leda., Usually the form is tnnsverse, but in a few the 
shape is very short and trigonal, and the following species is remarkably so. 
I have distinguished the genus from the Isoarea of Munster in the Canadian 
Decades, No. 1. Woodward includes it with that genus.* 

Ctenodonta varieosa, Salter. 

Woodcut 13, f. 1. 

Nueuia narieasa, Salter, Quart. GeoL Joum., vol. x., p. 75; Ctenodonta, 
Siluria^ 2nd edit., p. 213 ; Nueuia levata, M'Coy, Synopsis Woodw. Museum 
(not of Hall). 

This species is very common in the Caradoc rocks (of North Wales parti- 
cularW). It has been fully described by me in the Geol. Joum. above referred 
to. its triangular shape, and extremely high and curved umbo, would almost 
distinguish it from anv species except the C. attaritrformis of Canada (Canad., 
Dec. 1, PI. 8, f. 7)' Sharp, concentric, step-like lines of growth occur at pretty 
regular intervals over the surface, and give it a peculiar aspect. The N, levata 
of Hall has simple concentric stiise only. 

Loeahty. — Caradoc sandstone and slate, everywhere; Bala; Conway fiiUs; 
Montgomeryshire, &c. ; Horderley. 

Redonia angliea, Salter. 

PL 11 B., fig. 15. 

{CueuOella ? SQuria, 2nd edit., p. 50., Foss. 8, fig. 2 (hinge badly figured). 

Transverse ovate, half an inch wide, one-third of an inch long, very convex 
and regularly so, with the beak overhanging the broadest part of the shell at 
the anterior fourth. The beak is curvea and sharp, and much overhangs the 
lunette. In front of it a strong, thick, rather curved jplate reaches obliquely 
more than half way down the front side ; the muscular unpression being deeply 
imbedded in advance of it, short-triangular, and strongly drcumscribed. The 
casts vary a little in shape, some being more convex. But the shape is always 
transverse, not rounded; and ovate, not triangular. (By some error, hinge teeth 
are inserted in the figure above quoted. There are no posterior teeth). It is 
not unlike Redonia Deshayesiana, RouauH, as figured by Sharpe in the 9th 
vol. of the Quart. Geol. Joum., but is too regular^ oval. It is ^ill more like 
the Nueuia Beirensis of the same communication, yet it is a shorter, less rounded 
species, and even more convex. 

Locality.— LovrKR Llandbilo. Lord's Hill, Shelve. 

• Hantua of Shells, p. %60. 
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Bibietia * eompi<mata, Salter. 

PlAtellB.,flg. 16. 

[lUdima, Siluria, 1. o., fig. 3 ; Ribieria, in pp. 20 7 549}. 

R. minor, vaide eompra$a, lubifuadrata, marffiiu doriali et ttntraU paraOtS* 
knti CHrvit. Imjirema vnaeularit poitinu obtctuiu, Liauma antKa brtvii, 
recta, ad basin ertutittatla. 

Althougli there is aome tmeertain^ h to the group to which titis cnrioas 
touai belonga, it is clearly diitiiict m b apeciea tmai one dtscribed hj Sharpe. 
Its donal edge is nearly rtnuffht, the poitenor side aa vide (aren in the cast) 
aa the anterior, and the whole ahell la vety much thinner than the Spaniab 
foBBil. The oblique anterior plate (a deep notch in the caat) ii atraight, abarp- 
edged, and extends acron rather more than one-third the breadth <^ the ahall 
anteriorly. It is aharp.edged, except at the base, where a imall abrupt thickening 
takes place (while in the Spanish speciee the plate is broad and thick]. The 
postenor muamilBi' impreasioQ is Karcely vinble. 

J^xaiity, — IiOWKB LlandkiliO. Lrad's Hill, Shelve. 

Mo£olopnt pj/mt, n. sp. 

Woodcut 12, f.l. 

M.nagna,2itateiiuhmga, lilaitt,inMataj latenantiea aaUa diltimeto m h nU t 

ttriato, pottioo ebmgato nOmido. Umamet obhui, iumtl amnentu : m&ryo e«r- 

r aspect is given to this fine species by the regular convexity or 
ion of the whole shell from the small beak outwards, tbe convexity 
; a siphonal ridge, but including the whole of the large pcataior 
ily &intly distin^uiBbed hj. a alight sinus in the margu ham the 



9 Bala beds. Bnt a oonipHisbn with Canadian apeomena of die 
KolarU, Conrad, shows tiwt the latter (though very like our Britidi 
ball's good figures are compared) ditFers materially from the EngUsh 
■eing much flatter, having the anterior lobe both larger and leas 
a the body of the shell; the posterior side is also considerably leaa 
■an in tbe Welsh foaail, which ahonld be called ifo<^. ifCofU. We 
icasion to note how veiy few of the Silurian LaoulHbrimekiata ue 
tbe two aides of the AtWtic. The Braekiopodt are much more like. 
— CABAnoc : Bala, North Wales, not nnfreqnent. 

Gasteropoda. 

^ofopra. Hall. Paleontology of New York, voL L, p. 169. 
instituted to include those smooth apecies of so-called 'I\irbo, which 
I in Silurian rocks, but which clearly do not belong to the npercu- 
to which they ai« referred. The forms are very like l^trbo in shape, 
1 imibiUcua ; the pillar lip is closely reflected, and generally some- 
kfed. The ^ical forms are American. No very broad hoc can b 



lurvey, belong rathec to the lAtorifuda than the TurlAmidm, *m 
8 Manual. 

M of the following spedes were left in MSS. by the late Pro&aaaoi 
s, who regarded them as allied to the floating geaua Litiapa, and 
name them JAtiopm. Hall's genua baa the pnoedence. 



TONwdbyD. Hhirpe,BHi.,brarint(le ipeolM mm tba Lover BUnrUn neks Of 
. ilu Rsnoi hai iliioe beea fbond in BotiamSa, TniM^ and Deronahire. 
Mda, to which this ihell ta rgtemd bj 'Woodward, a no doubt l)u most Ukob 
•edltbeablTilTe iheUatall. I tUoklt li s Onutaraan 111)01 to JWoUb aowM 
a 5»Clii«t.a«i^Joura.,lSSI,voL19,p.M. IteilieUiinDlnlTslntiw8|MiiU 



OASTSBOFODA. 

Fw. 14. 




4. Bolopea forinata, ¥orb«(. 



Hobqiea extrta, Forbes, MSS. 

Woodcnt 14, flg. 1. ■ 
t, aabl^vis, ipird aetiid prodneta L. 30°; anfraetwbta b, letitt et 
1, hold angulatU, uitmo ipird paaUo Umgiort, tiUurd atrnpliei nee ap^uad. 
Thu Bpeciea ia the moat common in the Bhiwlsa limeatooe. It haa rounded 
whorii, not to; convex, and the bual one ib moderately and r^pilarly ventri- 
ooe^ without any coutractioD at the entnte. It is rather longer [but not much 
so) than the whole spire taken to);ether. The shell haa the look of a BitAysta, 
or a short AJiniM. 
LoeofiQi.—CAKADoc or Bala limestone, Rhiwias.near Bala, Merionethshire. 

HfAnput ctmiea, Forbes, MSS. 

WoodoDt 14, f. 2. 

Jt. wteiofis, anfraetulmt 5, contwzu, tubangiJatit ttriatit; tptrd abbrmati, ovom 

anfraclu baioli tnulto breviore. Batit eoneexa, a latere tubconveto aiignto obluto 

(m tpird MHUpictto) tguncia, Slria obtigua, eon/erta, ru reffvlaret, nonuuUia 



Differs &om the preceding by the less produced and rather blunt spire, 
formed of four gently coavei whorls subangular below, the sutures strongly 
indented. The atris of growth are oblique, sharp, tolerably close, but not 
regular ; and are interrupted by mde ridgea of growth near uie month. The 
bMe is (M>nvez. There is no trace of an umbilicua. The shell hu a general 
resemblance to the fireahwater Paltu&TUt. 

Locality. — Same aa last, and a more abundant speoea. 

Hoiopea lymttteoidet, Forbes, MSS. 

Woodcut 14, f. 3. 

H. ss^iM bi mtna K g, am/raetu mltimo hmwmo ebmgato, ad ions effam>. Bpin 

bremt. StUitra dMneta wee t^pretia. Co l ame il a awva. Stri^ rmdeg, obUqmtt, 



A la^ species, putting one much in mind of the great l/fnatett or Phy$a of 
Qie tertiaiT beds. Altogether these Bala uniTslves are veij peculiar in character, 
and have little resemblance to Silnriaa dwHa. 

Loeofifjr. — Same as last, rare. 
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Hohpea ? earinaia, Forbes, MSS. 

Woodcut 14, f. 4. 

H. semiuncialis, valde depressa, anfractubus 3-4, suhangulatis ; ore subrotundo, 
Stitura distincta. Umbilicus apertus f 

Very nearly resembling, externally, the three last described species i but having 
a much shorter spire, and more depressed form. It has a thin shel^ an oblique 
mouth aperture, and subangular whorls. But no portion shows the stoi» of 
the surface, nor is the spire sufficiently complete to judge if it might be asso- 
ciated safely with the genus in which it is temporarily placed. 

From many circumstances, — the finely levigated nature of the deposit, its great 
purity, and tne quantity of EncrinalKdcL Cystidean remains in the bala limestone 
near Khiwlas, — it is probable the bed was deposited in deep water. Cephalcpods 
are common in it. And these thin univalves, which we have placed as membra 
of the Litorinida, were, with much probability, considered by Forbes as floating 
shells. Litiapa belongs to the Litorinida, according to Woodward. 

Locality, — Same as last. 

Cyclonetna, Hall. 

Palaeontology New York, vol. i. 

This genus, proposed by Professor Hall, has been more fiilly described and its 
distinctive characters pomted out by myself in the work above referred to 
(Decades Canadian Survey, No. 1). It has much the aspect of lAtorina, but 
wns certainly a thinner shell than our modem species. Hall perceived the 
natural group formed by these ribbed and striated shells arouna C. biUm as a 
tvpical species, though no one has yet been able to ^ve sufficient characters to 
distingmsh it. I have ventured to separate the species with an open umbilicus 
(Drocnonema) from those with a closely reflected and somewhat excavated lip« 
and I think the division a natural one. 

Cyctonema erebristria, M*Coy. 

Woodcut 14, f. 6. 

llirbo crebristria, M'Coy, Synopsis Woodw. Mus., t. 1 K., ^. 36, 1 L., 
fig. 22. CycUmema crebristria, Salter, in Appendix to Siluria, 2nd edit., p. 548. 

Professor M'Coy has so well and thoroughly described this, under the 
ordinary name Turbo, that it is needless to repeat the description, and has com- 
pared its dose striation and general appearance to that of C {Pleurotomaria) 
ailix, Conrad and HaU. His figures, too, are both of them characteristic. 

The shell was only moderately thick, the lines of growth very oblioue, and 
rugose on the left wnorl. The strise, which are alternately larger and smaller 
on the upper part of the whorl, are of equal size and rather close together on 
the lower naif ; but the transition is a gradual one. 

In the casts, which are the most usual state, the suture is deep and strong. 
The base of the shell is convex, a little angular below. 

One of the most common of all Caraooc univalves in Wales. And I have 
found it, as has also Professor Sedgwick, in several localities of the May Hill 
sandstone or Upper Llandoveiy rocks. The C. {Euomphalus) yramdatus of 
Portlock is closely allied, but cannot be identified with ours. 

Localities, — Caradoc or Bala. Everywhere in North Wales, Bala, Meifod, 
&c.; also Upper Llandovery rocks, Presteign, Radnorshire. 

Ophiieta or Raphistoma, sp. 
PI. 11 B, fig. 21. 

A small species, not worth naming, but interesting as showing how nearly 
the fossils of the Calciferous sand-rock, and beds immediately overlying it, are 
represented in Britain by our Lower Llandeilo types. The specimen is pre- 
sented by Mr. Lightbody to our cabinet. 

To that gentleman, although his name is not often to be found in this 
memoir, geological science in England owes a real and lasting debt. Living at 
Ludlow, on the edge of the t^ical Silurian region, he has made himself 
thoroughly acquainted with the geology of Shropshire, especially down to the 
level of the Caradoc strata. His name is now widely known, and his ciedit 
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as an aocnrate and critical observer fdllj established. To his kindness and 
ready help the Geologicssl Survey is hugely indebted, and I take this public 
opportonity of acknowledging it. 
LoeaUty, — Lower Llandbilo. White Grit Mine» Shelve. 

Heteropoda. 

Bellerophon nodomu, n. sp. 
Woodcut 15. 




n. |f. - ci^«^^ lines of growth miffifflfid. 



Salter, Quart. Geol. Joum., vol. x., p. 73. B. omatus, M'Coy, Syn. Woodw. 
Foss., p. 310. 

Spire exposed, of about three rapidly increasing whorls, which are half as 
thick again as broad, and of a subrhombic section ; the umbilical faces rounded, 
and much shorter than the other flattened ones. Sides marked by thick raised 
ridges, which are not so broad as the interveniDg hoUows; they are curved 
backwards towards the flattened dorsal keel, and nearly meet it, and extend over 
the rounded edge of the steep umbilicus. The lines of growth are beautifully 
regular, and they take a decided curve backwards alonff with the ridges. They 
are closely crenulate over the sides and back, and on the umbilical face 
reticulate with each other. Their reticulated appearance arises from the close 
approximation of the raised crenulate edges, which thus decussate each other, 
and become in some parts connected into a network. See magnified figure. 
The ridges or plaits vary in their distance from each other, but are very 
pronunent. 

This is the species described by Professor M'Coy, and we should have thought 
with him that it was CyrtoHies omatus of Conrad, but that in Hall's figure and 
specimens we have from New York the lines of growth are direct across. In 
that species, too, the umbilicus has a sharper edge, and the plaits do not go 
beyond it. In ours it is obtuse, and thej frequently run over it. Our shell is 
sometimes as large as the American species, and may possibly be identical, but 
there are the differences above stated. 

Locality. — Caradoc Sandstone. Teirw River, south of Llangollen (Pro- 
fessor Se^pvick) ; Llwyn-yr-hwch, Beddgelert ; near Uanfyllin ; Hope Bowdler, 
Shropshire. 

Bdieroplum Aifomentisj n. sp. 
PI. 10, figs. 6-8. 

JB. lati tnvoUtut, undaUs et ultra, costato-striatus, striis remotis, areuatis, 
atperis, etiam ta stna angusto vix marginato conmeuis; anfractu ultimo nuueimi 
dilatato, orepaullulum expanso (marginato F). Varina nullA. 

An inch and a quarter in diameter, inflated ; broad involute, the outer whorl 
greatly expanded, and deeply notched on the back. The lines of growth obscure, 
but accompanied by regular, sharp ridges at equal distances (m a specimen 
three-quarters of an inch diameter there are four in the space of a line). They 
show also on the notch or band, which is thus marked by prominent and rather 
remote arches throughout its whole length. Umbilicus open ? Band not at all 
prominent, nor is there any depression of the whorl along it on either side. It 
is crossed by the arched stnas. 

Fig. 6 may possibly belong to another species, as the lines, or rather ribs of 
growth, are scarcely visible, except on ihe younger portion. The lines or 
ridges of growth are parallel to the margin of the mouth, and are sharp and 
almost crested. In fig. 8 they are one-tenth of an inch apart, and yet this is a 
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young Bpeoiineii* Fig, 6 BhowB the mouth with the umhilioal edge slightly 
recurved^ hut of course the shape is materially alteied hy pressure. 

Locality, — Upper Tremadoc. Garth, Penrhyn; also Tu-hwnt-yp-hwlch, 
Portmadoc. Several specimens have heen found hy Messrs. Ash and Homftay. 

Belleropkfm muUistriatuM, n. sp. 

PI, 10, figs. 9, 10, 

Broadly involute, whorls rapidly increasing, umhilicate, with dose arched 
strise of growth (most conspicuous away from the umhilioal edge), much curved, 
equidistant, and with numerous plaits or folds crossing them, which do not 
seem to indent the outer margin of the growth ridges, hut only the spaces 
hetween, g[iving a fimbriated appearance. 

It is easily enough distinguisned from its oompanion species, B, arfonensU, 
figs. T, 8, by the dose and fimbriated ridges of growth. And it characterixes 
rather an older set of beds, being chiefly found at the point of junction between 
the Upper and Lower Tremadoc, 

Locality. — Upper Tremadoc. North iWse of Moel-y-gest, Portmadoc, 
Garth, &c. Also at Llanerch, in the passage beds to Lower Tremadoc. 
Cabinets of Messrs. Ash and Homfray, also of Dr. Ogle. 

BeUerophon hippopus, n. sp. 

Phite 11 B, fig. 2. 

B, latUstmus, uncialts, striatus, vix costatus, anfractu ultitno maxime dUatato^ 
striis iruequaHims conspicuis. Carina lata prominens, Apertura pauUuhtm 
contracta. Umbilicus profundus. 

Broad-involute, the outer whorl very wide, and rather depressed on the hack 
with something of a furrow on each side of the broad band, whidi is nMher 
prominent and well defined in all ages. Strise arched backward, every third or 
fourth one stronger than the rest, but not producing prominent ridges as in 
B. airfonensis ; nor do they form conspicuous ridges on the band as in thai 
species. Umbilicus open, broad, deep. 

Differs from JB. arfonensis by the prominent band, less regular arched striae, 
and unexpanded mouth, as well as by the extremely wide shape ; the transverse 
being apparently much greater than the longitudinal diameter. 

Locality. — Lower Llandbilo Flag. Ritton Castle, west of the Stiper 
Stones. 

BeUerophon perturbaius. Sow. 

Euomphalus, Silurian System, PI. 22, fig. 15. Euomph. fi$rcahUf M'Coy, Sil. 
fosB., Ireland, p. 13. BeUerophon perturbatus, Siluria, 2nd ed., p. 218, foss. 
39, fig. 6. 



Fig. 16. 





Restored ftrom good spedmens. Upper Llandeilo, S. Wales. 

We give a far better figure, from complete specimens, than could be given 
by Sowerby in the original work. 

It has long been known that it was a BeUerophon, of the group Etg>hemus, 
M'Coy, and that Euomphalus furcatus of that last-named author was a svnonym. 
It is not so generally known that it is one of the veiy best and most character- 
istic species for the Llondeilo flays, being common in British localities, in N. 
and S. Wales, and very rarely met with (in Ireland only) in rocks supposed to 
be of the Caradoc era. 

Locality. — Upper Llandeilo. Bath house, Bangor. Abundant in Upper 
Uandeilo rocks in N. and S. Wales; and in Caradoc? S.E. Ireland, 
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Ptoropoda. 

Theca, 

Fam. HyalMmf — Shell straight, sheath-shaped, triangular, compressed, 
wHhoat lateral appendages or spines of any kind. Mouth closed l^ a semicir- 
cular operoulum, with uie nucleus on the straight (doraal) edge. 

There are two groups of the shelled Pteropods known, one with straight or 
slightir curved sh^ and no operculuni ; the other with spirally reUed shells, 
fnmiwed witii an operculum looe, and, in 8piruiU$ at least, with a shelly oper- 
cular plate. 

To the former of these, from its analogous form, the naheozoic TUea and its 
allies have heen always supposed to b^ong. No erioence has jet been pub- 
lished of sheUy plates connected with these common aheUs, or with Comularia 
or its allies. 

The fossil here figured, however, has constantljr associated with it, and 
often in juxtaposition, a shelly plate which would just fit the aperture, and 
there can be no reasonable doubt that they belong to the sheU, smce they are 
found in plenty with it in the Shelve and TrCT[iadoc districts. The Theea 
associated with it in the one case is a distinct species from that in the other, 
and this being so, it is probable that other species of the genus may possess a 
similar covering plate.* 

It is not unworthy of remark, that while the bulk of the recent Pteropods are 
without opercula, and Tkeea appean to have one, the case is similar with the 
recent forma of nmcleobrancks {Heteroooda), scarcely any of which have opercula, 
while the laigest and thickest operculum known in the Silurian rocks belongs 
to an abnormal fossil Heterqpoa, — Machrea. 

T. (Cleidotkeea) opereulata, n. sp. 

PL 10, fig. 22-24. 

Short-conical, apical angle about 25°, with a compressed section; the dorsal 
surface nearly flat, projecting a little beyond the ventral, which is convex. No 
regular longitudinal ridges or ftirrows occur upon the sheU, and the surface is 
lemarkAly even, except for the strong, sharp, curved lines of growth that 
cross it. 

Operculum a semicircular plate, abruptly bent parallel to and near the 
straight margin. The larger area is a very wide and flat segment of a circle 
(almost a semicircle), divided from the narrow marginal area by deep wide 
furrows radioing from the nucleus, and partially bisected by a shallow fruirow 
commencing from the same point. One or two radiating lines occur also near 
the furrows. 

The bent portion of the plate is a narrow sub-triangular area, and is bisected, 
like the other and larger area^ bv a short central furrow. 

The short proportions readi^ distinguish this species firom the following, 
which occun m equal plenty with it. 

LoatUiw, — ^LowBR Trbmadoc. Abundant in all the localities near Portmadoc, 
assodated with large trilobites of two or three genera. 

Tkeea bijugota, n. sp. 

PL 10, figs. 19, 20. 

Elongate (apical angle about 10" or 12°), the dorsal side oonvex, and ridged 
by three distinct keds-— the central one of which is strongest — ^from the apex 
to near the mouth ; the othere faint at their origin, but becoming stronger near 
the aperture. On the flatter side a corresponding furrow appears to exist, but 
we have very little evidence with regard to this surfiftce. Lines of growth 
inconspicuous, but greatly arched, foUowing the very prominent margin of the 
mouth on the dornl view. All our specimens are views of the dorul aspect, 
except one from the Upper Tremadoc slate, and that appean to have a corre- 
sponding deep furrow; out it may only be a deep impression made from the 
opposite surface. 



* Sfnoe ttais wm vritten I ]mm ftomM. de Bamnde thai he has k»g had several meoiM of 
Theea in his Bohemian collection with opercula, and in some cases actually attached to tbe 
shell. It may he a generic character, but I retain the subgenus for the present. 
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LocalUg. — LowBR Trbhadoc, with the Ust. Uppkr Tbbmadoc, nme 
district i one upper figure not nnmbered on the plkte. 

Thtea arata, n. ap, 
PI. 10, figs. 15 uid 21, &nd poMibly figs. 17, 18. 

Conicftl, rather ahort, apical angle about 15°, dorsal suriace flattened, but 
with a raised central keel, on each aide of which are one or two furrows. The 
lines of Krowth on Uiis surface are very ttronglf arched ; the mouth prqiecdng 
a good deal. Thej are also prominent aa raised threads, and almost rugose, 
much more so than in the last apeciea. The ventral plate appean to be sUgbtlT 
concave, and the atris are a good deal arched forward, and equally ngose witn 
thoae on the opposite aurikce. 

LocaUtg. — LowsR Tbehadoc, near Fenmorfa Church, Tieraadoc. 

A variety T irith aimilar doraai keel and furrowa, but nnootb, or with only 
faint lines of growth, occura^in the Upper Trku adoc, Penyclogwyn and Tu- 
hwnt-yr-bwlch, both near Portmadoc. 

Theca simplex, n. sp. 
PI. 11 B, figs. 22-26. 

An inch and a quarter long, and one quarter broad, triangular in section ; the 
doraal surface nearly plane, a little oonvei, quite amootb, and nith a gently 
arched mouth-margin. The ventral surface highly convex, with a few longitu- 
dinal Unea, but no ndgea, and crossed bj direct lines of growth only. "Die 
mouth is frequently a little expanded. The o^rculum occurs in company. 

There are not many characters to distinguish this species; but it is dearly 
not the same as the Upper Silurian T. Forbesii, being much more highly convex 
on the ventral side, ana flatter on the opposite aide, besides being of a much 
longer shape, 

Locaiity, — Lowbr Llandbilo. White Grit mine. Shelve, abundant. 

Thtca vaginula, n. ap. 
n. 10, fig. 14. It should have been in pi. 11 B. 

Short- triangular, pointed, almost acuminate, ventralT surface very convex, 
bluntly anguUr along the central line, and with a narrow maigind rim. 
Doraal surface flat? Edge of mouth 7 

It waa premature to name this small species from a single specimen. Bnt 
I find that there are several apecimena of apparently the asms form in the 
Lower IJandeilo rocks of Shelve, and they do not agree quite with any of the 
Tremadoc species here described. 

Ziocalify.^ Lower Llandbilo. Tai hirioo, near Arenig fach, on the Bala 

Theea obtusa, a. ip. 
Woodcut 17. 



Shell very thin, straight, rounded in section, tapering backwards, and mth 
a blunt rounded termination, and with two marginal thickened lines (surface 
obscurely marked by short longitudinal atriee). Nearly one inch long, and 
half an inch broad above. It would be very raah to constitute a new genus 
from a single crushed specimen. This is certainly not an Orlkocemt, for which 
it might have been mistaken in newer rocks. It ia very thin, has apparently 
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two thickened nurgim nuuuiifi[ to the uigulu Utcnl edges u in Tieta ; but 
iti terminktion ia roonded and hlout, instead of tapering to a fine point. 

Believing therrfore, that it cannot be OrthoceroM, I am tempted to make the 
moctof itePtfrepOffehancter; uidae none, except a Thtea, hu hetetofoee been 
found in Primordial rocke, it maf be pneomed to be a large apeciea of that 
geniu till better material eball occur.* 

LoMUty. — LowBR LiNOui^ Fiutas, Haentwrog Watofall. Preeented by 
Mr. Aah to the Mne. Piact. Geol. 

Snbg. CaUrothtea. 

Shell Blrai^t, aheath-ahaped, triaognlar, or compressed ; month with long 
Onred lateral appendages. 

r. {CentToth.) tM^pidata, n. sp. 
PL 10, fig. 25. 

Broad-conical, the apical anf[le about 30°; the length*abont eighth-tenths 
of BD inch; the breadth, three-tenths. The (dorsal T) rarfaoe gently convex, 
a laised central area being more so than the rest, and this is marked with fiunt 
longitudinal ridges (three or four in one spedmen, only a central ridge in 
another). The edge of the mouth is not greatly projecting in fhnt, but it is 
thickened, and is produced on either side into a long curved spine. In one 
■pecimen this is four-tenths of an inidi long. 

LoeaUty. — Upfkx TKKHAnoc Flag. Ta-hwnt-yr-bwlch, Portmadoc (Pre- 
sented bj Mr. D. Uofatnj.) 

Jieea rtvermi, Salter. 
Woodmt 14, fig. 6. 

r. tri<tM«faru, Hall, Pal. New York ; T. merta, Salter b SUuria, 2nd ed., 
p.S50; F^. 10, fig. 21. 

A common spedes, which ought not to be confounded with the Upper 
Silurian shell ( T, Forbetii), though much resembling it iu shape and size ; it 
only diS^ from that spedes, so hx as I know, by having the dorsal plate 
convex. In 7*. ForbetU this is quite flat, and the front stronglv angular. In 
this the dorsal eurhce is convex, and the ventral leas angular. With the 
greatly elongated T. IrioHffalariM there is but little affinity. 

Not an inch long, one-Uiird of an inch wide at toj>, and rather quickly tier- 
ing. Dorsal surface gently convex, its frt>nt margin much pn^jecting. The 
ventral snrhce angular, but not sharply so. Lines of growth very indistinct. 

A pair of hint elevations are seen running lengthwise down the back, and in 
one specitnen (interior cast) an internal thickened ridge runs along each side a 
little way from the margin. This ridge is common to several species. 

ZioraWtet. — Cakadoc. North W^es; Hordeiley, Shropshire; S. Scotland; 
Bird's Hill, UsndeUo, South Wales. 

Genua Pterothtca. Shell transverselv oval, bilobed. with wavy sides and 
a strong median keel. Ventral plate snort, narrow, and flat (see Silnria, 2nd 
ed., Foss. 39, Sg. 4). 

Ptenthtea eorrnf/ala, Salter. 

Brit. Assoc Reports, 1862,'-Tnns. Sect., p. 61 ; Silnria, 2nd edit, p. 660. 
Kg. 18. 



Better nHdneni hare ifaiea Iwai fbond br u; laUMfssHe friend, Xr.Hce>flnr:aH>r 
irnheUcB."" — ' 

sua. 
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P. lota, tM^ifafo, margmt repamdo. CoHwi tfortoKt vaUh eleoaUi. AjAa^ 
minufiu. 

Thia fine foaml, originally described in the Britiab Awociktion Reports klong 
with the typical apeoiea, hat oiiIt as jet occurred in one localitj. It ii abun- 
dant there, and shows carta of both back and front, u wril as the trianpilM 
plate which encloses the riscentl uavity. The extent to which the sides or 
wings erpsnd is rcnuurkable, ■vktj mudt greater thMi in anj other genns now 
living. Such marginal eipansiuns in one form or another ai«, howerer, not 
uncommon among the Pleropod and Mtteropod groups. Barrande now finds 
the genus in Bohemia, snd Hall in North America. 

Width, li inch; length, nine-tenths of an inch. The fbnn is widely trans- 
Terse, deeply notched in front, and marked by five l»oad undulations whidi 
reach from the beak to the margin, causing a wavy outline. These undnla- 
tions are crossed by other waves in the direction of the lines of growth, so 
that the whole shell is rugose. The dorsal plate is strongly curved, almost 
boat-ahaped, and has a strong median devated keel, reaching all the way to 
the minnte beak, and probably (but it is teoken off) to the upper front maifpn. 
The lines of growth meet this keel everywhere id a right angle, and are not 
deflected by it. The small ventral plat« is perhaps quite flat, but in one mndi- 
squeezed specimen it has a central ridge correRpondrng to the dorsal keel ; and 
this may be tiie real diuacter. Tie plate is nat in the other species, one tl 
which is Lower uid the other Middle SUnrisn. 

Ijoealitif. — CABAnoc, Dolbenmaen, near Criccieth; several Nucnltnd ihclli 
ftooompamed this (probably) deep-water form. 

ComiUaiti bniytUa, n. ap. 
Woodcut 19. 



O 

A comprMsed nMcimen, with a rhomboidal section ; it tapers Aowh at Iff*, 
probably less, and is seven lines broad, and ftilly If inches long, llie hcea 
are flat or even a little convex, the two naghhourmg ones which meet at one oT 
the acute angles being rather broader than the other two. SorAce nearly 
smooth ; the Tines of growth irregular in thickness, gently arched acn>ss esob 
foce, without being angularly bent in the middle. Funows at the anglea rather 
flhallow. 

The rhomboidal section may be the result of pressure, but it does not appear 
to be wholly due to it, and as the two smaller faces meet at one of the scuta 
angles, and the two larger st the other, the shell is probably near its true fonn. 
On the smaller face the strise seem to rise to a higher level towuds the angle 
tarraw than towards the lateral one, a character observable in some other com- 
pressed species. 

The irregular and nmply arched lines of growth distinguish this eanty from 
C. tabtiUt, Salter. C. ekmgata, Portlock, lus a string median Aitnw on rv\t 
&ce. 

I^cdiifjr.— Caradoc. Llwyn-yr-hwch, 3 milei Bouth of Beddgdar^ Noitii 

Conularia Homfragt, n, tp. 

PI, 1(1, Ggs. 11-13. 

C. ttnuU, fere membraiuieea, magna, 4-5-unciaKk, vi<msal*'*tmica, guadrtU»- 

ej/lindriea, apict acuta ; eottis tfttuUnu longitudinalibut M^rrii, naUu frfnueerm, 

omata. Costa in angulo quoqw bina, in faciebtu 2-4 jiliforntei, inlertHtiit 

imdukitit et mgatit. Lobi ori* lanceolati-obtun, membraitaeM, eeottati, tUnd 



PTEBOIPODA. 355 

Four indies and a half long, and three-quarten wide at the ^arget end» 
eooicaly with tltr^ht sidesy sharp pointed apex, and double ridges, eight in 
number. No distinct transverse ragte are present, but the muhce is a little 
mgate or puckered between the ridges. These ridges occur at each angle 
between the faces, and there are two, three, or more tlong the middle of each 
fibce ; the lobes of the mouth are broad-pointed and tongue-shaped in front and 
^ ~ ' 1, shortest on the sides, and not bent inward or oontraeted as in kindfed 



The nearest alty of this fine shell, uneicpectedly met with so low down in the 
Protozoic series, is an unpublished species in the Ludlow rocks of Shropshire. 
It is somewhat larger than this, broader in outline, and has the ridges along 
the middle of each face, but not along the furrows between the fiuses. It differs 
still more markedly in havinf^ the mouth contracted ; and all the lobes bend 
inward towards one another, so as partially to dose the mouth in the adult 
form. Very probably these two and other allied spedes will constitute a Hiatin^ 
genus, when we know enough of these old Pteropodg to classify them mora 
completely. 

LoeaJity, — ^UpmiR Trbmadoc. Crarth Hill, abundant; Tu-hwnt-yi^bwlch. 
Collected br Messrs. Ash and D. Homfiray, of Portmadoc. The figured specimens 
are from the cabinet of Mr. Homfiray, and fifom the Woodwwdian jfufleum, 
' " ■ [AlsoM.?. G.] 



Conularia marganttferOf n. sp. 

PI. 11 A., fig. 12. 

C. modiea, Befjfmentis (imo 9oUbn eonservato) plams ? ttrtu transvenis vMe 
Miqms, ui S, cvrris, twereulis ndnmtis kmgitudinalibus omata, Stdeua wfr- 
cenlrsliff. 

A small spedes, apparently with a thin shell. We have on^ a fragment of 
one segment, and that is covered bv regular, rather imbricating striae, which 
run very obliqudy across in a sigmoia curve. Fine longitudinal striie, scarcdy 
to be called tubercles, are easily traceable on the ridges, but they do not cross 
the interveniii£ hoUows. The sulcus is subcentral, and very little interrupts 
tile course of &e ridges. 

I know of no species that can be wdl compared with this ; the sigmoid ridges 
easily distinguishing it from all the Silurian forms known ; for comparison 
with other forms of the genus see Dr. Sandberger's paper in the Neues Jshrbuch 
ftirl857. PLl. 

Our spedes is a true Comiiarta, not a Coleopriom, as may be seen by the 
central Ime. 

JjocaMy^ — ^Lowsr Llandbilo. ly-obry, near Garth, Tremadoc. 

ConMiafia Coriitmf n. sp. 

PI. 11a., fig. 11. 

C. fere pedalis, henii (qtuui coriacea), quadrato-cyUndriea, angnHs vix (inn ad 
arem) prommuUs J sulci angmhruM faciermmqUe ttquales, angusHj strim trtaU' 

Nine or ten inches long, at least one and a quarter broad, and slowly tapering ; 
sub-cylindrical in section below, sub-quadrate above, with sharp narrow con- 
tinuous farrows at the angles, and somewhat interrupted ones in the middle of 
the faces. At about half the length the angles begin to grow a little promi- 
nent, and thence continue more and more prominent to the mouth. The 
furrows on the faces are in parts less continuous, lie nearly in the middle of the 
faces, and only near the mouth are devated upon ndges. Th^ are flanked by 
two fiunter ones for some distance from the mouth. The shell is not contracted 
or lobed at the mouth, as in C. Homfrayi, nor is the substance, which seems to 
have been coriaceous throughout, thinner or more membranous at this part. 

No transverse strise or ribs of any kind are visible, and the whole shell has a 
smooth sur&ce, and is so much bent as to give the idea of its having been of a 
flexible material, rather than a rigid shelL 

I do not fed sure it is distinct firom the great C. pyramidata of tiie May 
sandstone, Normandy. See fine specimens in the Mus. Geol. Sode^ 

Loesfify. — LowBR Llandeii.o. Ty-obry, Penrhyn; near Tremadoc. 
Ilute spedmena were found by our collector, Mr. R. Gibbs. 

z 2 
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Cephalopoda. 

Orthoceras encrinale. Salter. 
PI. 11 B., fig; 20. 
Siluria, 2nd ed., p. 50, Fobs. 8, fig. 10. 

Some inches long, and less than half an inch broad. Cjlindric, dosely annn- 
lated hj somewhat oblique prominent rings; which are rounded, not keeled* or 
imbricate, or marked hj striae of growth (at least in the inner cast), and aa 
broad as the roimded interspaces. 

This is an older portion; when the diameter is only one-third of an inch, the 
rings are sharper eoged, not so broad as the interstices, and often wavy, and show 
some traces of intermediate wavy striae. The shell may have been covered with 
such markings outside, and in that case would have a considerable affinity to 
the group of 0. annulatum. 

Locality, — Lower Llandkilo. Cefii Gwnylle Mine, Shelve, Shropshire. 
(Mus.Pract. Geology.) 

Ortkoceras AwUnii^ Salter. 

PL 11 B., fig. 18. 

Siluria, 2nd ed., p. 50, Fobs. 8, fig. 4. 

A common species, seldom found of more than three-quarters of an indi 
broad, and whioi must have measured about six inches in length. Section 
round. Siphon ezcentric, placed one-third the whole diameter from the margin, 
small. Septa flattened, verv little oblique, two in the length of a diameter 
where the snell is half an inch broad. Shell rather thin, strongly striated direct 
across, except a slight downward wave on the opposite side to the siphon ; the 
striae coarse, imbricating forwards, and sometimes interlined irregularly. 

Tlie tube is (juite cylindrical and even for all its older portion. But the 
young shdl is shghtly annulated in the direction of the sep£a, and the prqjec- 
tion is along the line of the septum, the shell being contracted between each. 

This may possibly be only a variation in individuals, but the character is 
worth notice. The species is allied to 0. subundulatum and the other thin- 
shelled striate species, so common in the Silurian rocks. 

LoealUy. — Lower Llandeilo. Cefn GwynUe Mine, Shelve. Collected by 
Mr. Gibbs. The species is named after our veteran geological surveyor, Mr. 
W. Talbot Aveline. 

Orthoceras sericeum, n. sp. 
PI. 10,fig. 4, 5. 

Probably 10 inches to a foot in length, but not above three-quarters of an 
inch broad, surface marked only by transverse (oblique?) hues of f^wth, which 
are not prominent, but rise into more conspicuous ridges at short intervals, par- 
ticularly near the mouth. 

The septa are remarkably numerous and close, in fig. a pressed laterally and 
therefore a little lengthened. There are 19 in the space of an inch. In fig. b, 
which is somewhat shortened b^ pressure, there are 20 in an inch As they are 
oblique in all the specimens, it is fair to suppose them really oblique to the axis 
of the shell, but how much so it is impossible to say. The siphon I have lately 
seen. It is very large, and a good deal excentric, but not quite lateral. 

In the veiy dose septa» and somewhat rugose character of tiie terminal 
portion, this differs from any Lower Silurian spedes witii which I could 
compare it. 

JjocaUty. — Upper Trbmadoc. Garth : all the figures are ftt)m Mr. Horn- 
fray's cabinet. 

Ofihoeeras vagoHs, Salter. 
PI. 24, figs. 1-5. 

Quart. Geol. Journal, vol. 5, pi. 6, fig. 6. Siluria^ 2nd ed., p. 219. Foas. 
40, fig. 1. 

One of the yer^ few fossils common to the British and central European 
areas. Except this rather remarkable spedes, and the still more widely diifosed 
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BtUenpktm bilobatui, I hardly ksow a fossil oommon to the Lower Silurian 
beds cv the two areas. The trilobites, spiral shdls, and even most of the 
Braekiopfdi, are all distinct in the Lower Bilurian period; while many species 
are identical in the Upper 3ilarian in the two regions. (Barrande, jMtstim.) 

The spedes grows to a large size ; specimens \i inches broad occur, and as 
the species tapers veiy slowly, this indicates a length of at least 18 or 20 inches. 
It is smooth, tapers veiy gndually in youth ana mid-age, but is more conical 
when old. The septa are oroad elliptic, oblique on the longer axis, moderately 
distant in the younff shell, more than their diameter apart in middle affe, and 
less than one-fourth their diameter apart when old. Thev are deeply cup- 
shaped, and the nphon is as nearly central as possible. Tne last chamber is 
unusually long. Tne remote septa, and broad ovid, instead of round section, 
while the siphon keeps a central place, easily distinguishes this common smooth 
species from other Silurian sheUs. It were to be wished all described fossil 
Ortkoeerata had as good claims to specific distinction. But they are in general 
sad puzxles to the describer. 

LoeaUHes, — Cabadoc. Rhiwlas and other places near Bala; Coniston lime- 
stone of Westmoreland. 

Orthoceras, sp. 
PL 24, fig. 6. 

It is unsafe to name so imperfect a fragment. Yet the species is noteworthy, 
as being a large one, probably 15 inches long, of quite circular form, and with a 
thick shell. The septa are only moderately distant. 

Locality, — Cabadoc. Rhiwlas, Bala. 

Orthoeeras audax, n. sp. 

PL 24, fig. 7. 

Probably three inches long, and half an inch broad (last chamber lost). 
Section broad oval. Siphon ? Septa nearly direct, equidistant, dose set, 6-7 in 
the space of a diameter. 

Omr figure represents the septa too oblique. They are nearly direct across. 

O. gregarimm of M'Coy's Lower Silurian Fossils of Ireland, from the same 
Bala umestone at ^e Chiair of Kildare, appears to be the same niedes. It has 
an oval (not a subdrcular) section, ana it is certainly not the Upper Silurian 
fossil so odled. [Synops. Sil. Foss. Ireland, p. 9, pi. 1, fig. 5.] 

Xoco/ify.—- Caradoc. Rhiwlas, Bala, a locality rich in deep-water forms. 

Cyrtocenu Sonax, n. sp. 

PI. 26, fig. I. 

C. magnum, subteres, lente ewnnm, striatum, striis asperisrectis, nommliis pro- 
minulis. Septa modiee approstimaia. Sipho magnut, tnternus. 

A fine shdl, rather abundant in the Rhiwlas limestone, Bala. It must have 
measured folly eight or nine inches when complete, and has a diameter ai the 
mouth of 2\ indies by 2, the sides being compressed, and the section broad 
oval. The curve is gentle, the lines of growth nearly direct across, not arched 
downwards either on the back or front; they are somewhat roughly imbricate, 
but not regularly so. They are coarse raised tnreads, about eip;ht m three Unes ; 
and occasionally interrupted by somewhat more prominent ndges. The septa 
are also nearly direct, but a little curved upwaras towards the convex dorsal 
margin. They are moderately convex, and about three lines distant in a 
diameter of H inch. The siphunde is large and placed dose to the inner* border 
(fig. 1 a). ThCiShell probably thin. 

We have the means of completing (or nearly so) the form of this spedes, br 
reference to smaller specimens in the same locality. It is very slightly curvec^ 
compared with the n^, and is beddes less compressed. 

Iiocal^y.— Cabadoc. Rhiwlas, Bala. 



* TMi is raDy the dcnmX nuuvin. m we lesm firom NaiOihiM, bat the mditmrj n o m end a tiire 
l^ves the ocmvez edge for the back. 
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Cyrioeeras atrammiarnm, n* Bp, 

PL 25, figs. 2, 3, 4. 

C. mediwn, comjfressmn, (2 X 3), curvum, {striatwm F) Septa approsnmatOt obUqua, 
eumata. Sipho %nternu$. 

A smaller, much more curved, and more campressed fossil tha^ the last. 
Its diameter front and back is rather more than \\ inch, and from side to side 
one inch. The proportion therefore is as three to two. The section is nearly a 
true ovid, scarcely so much narrowed on the back as in our figure, and the siphon, 
not very large, is nearly internal. 

The sharp lines of growth (not plain in our spedmens) curve much backward, 
while the septa curve forward toward the back. They are considerably more 
oblique thsn in C. toiuup, and this is the more conspicuous from the stronger 
curve of the shell. Their course is nearly direct for a third across, then bent 
rather than curved, and passing obliquely forward to the dorsal margin. At 
one inch diameter there are seven septa to the inch on the outer margin ; they are 
crowded on the inner edge. The last chamber appears to be about as long as 
broad, its margin oblique following the lines of growth (in C. Sonax it if 
direct). 

J[«oca/s/y.-^ARADOC. Bala. 

Cyrtoeeras pracox, n. sp. 
PI. 10, fig. 3. 

About an inch long, conical, gently curved, the mouth very oblioue, tiia 
inner (dorsal ?) margin being the prominent one. The septa, which follow the 
same curve, from within outwards, are placed verf near together, four chambers 
in the space of one-tenth of an inch. 

The shell was evidently a thin one. It is the earliest of the Cephalopodi 
known, and it is not a little remarkable that the first species we meet witn in 
ascending order should be — ^not Orthoceras, which is ine most diffused and 
persistent form, but a genus which, so far as we know, is oiUy Silurian and 
Devonian. 

Locality. — LowxB? Tbbmadoc Slats. Lbmezchj W. of Portmadoe 
(Mr. Ash). 

lAtuUes planorbifonms, Conrad. 
PI. 25, fig. 5. 

See Appendix Pal. Foss. Woodw. Mus., p. 8, and M'Cay, ib., p. 324. 

We have figured a small portion only, formerly found by Professor Sedgwick 
and myself at Bala, and described at length uy Professor M'Coy and mysdf. 
Better specimens since obtained show four or five smooth whorls. 

Locality, — Caradoc. Cwm Cymmerig, Bala (fig. 5), Complete oasts at Twll- 
du, above Cwm Idwal, in the upper beds, at the crest of the pass, between the 
trappean layers. 

J. W. S. 

June 1866. 

I am sorry to close this Appendix without some attempt to oonelate the 
Welsh strata, by theur fossils, with their exact equivalents in N. and S. 
America^ Sweden and Norway, Bohemia, France and Spain, India and 
Australia. The materials for such an essay are extant, but tne time is not at 
my own disposal. Etage C of Barrande is equivalent to our Lingula flag ; 
and Etage D to our whole Llandeilo and Caradoc series. 

I may, however, say that I regard the Quebec group of Canada as e^uiyalent 
to our Tremadoc and Lower Llandeilo beds, ana that the Regio bc of 
Angelin corresponds y^ nearly to the same horizon. The comoarisons trr 
Barrande, now so actively resumed by that admirable paleontologist, will 
give closer insight into the real relations of the lower beds of the Bohemian 
Basin with our own. It is not for me in a mere note to anticipate hia work. 
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Uppbr Llandoybrt Rocks. 

Thoui^b the Upper Llandoveiy rocks have not been ohBemreA by the Geological 
Surrey in North Wales, it ia wdl to fqve a conspectus of the species found in 
South Wales, Shropshire, and other districts, in order to complete our view of 
the Silurian formations, of which a sketch for <dl Wales ana Shropshire baa 
been given in Chapters I. and II. Accordingly, Mr. Etheridge has drawn up 
the following list. For the numbers of these fossils that pass into the under- 
lying and overlying strata^ see page 231. 



UppBR Llaitdqvbrt or Mat Hill Fossils. 



Name. 



Localities in Wales and Shropshire. 



CSLEITTEBATA (ZoPRTTA). 

Omphyma turhinata, IC Rdw. - 
StrephedeM ... 

Palitocyclug porpiia^ Unn. 
P. pnEocutiu, Lonsd. 
Pfiraiaehn^ta^ FWJl - 



P. JBquuuleaia, M^Coy - 
P. wuteriaUt, M*Coy 

P.wbdtgfUeata^WCof - 



P., TBT. erenulaia, M'Gby 

P., sp. (retteulaia (MSS.) 
P. bmoy Lonsd. - 

JJo^mfet eaUntdofiuM, Linn. 

HMUUa hOentmctut, WahL 
JJ. megatUma^ M'Coy - 
Fawmie» multipara, Lonsd. 
P. alveolarii, Blainv. 



P. eristatiif Bhm. . . . 

P. ojpero, D*Orb. 
Siaurporafibrowa^ Goldf 

EOHINODXRKATA. 

PaktoBUr ecrtmeUa, Salt 

EehinocyHUu {PaloBckimu) PhtB^tia, 

Forbes. 
GfyptocrunUf sp. ... 

PertecAocrtnicf, sp. - - 

Nmnerons portions of stems and arms of 

unknown fimns ooeor in many localities. 

AjfUBIiTnA. 

TeniacuUiu angUeus, Salt 



m ' 



ConmUUt 



MW^Schloth. - 



Marloes Bay ; Pembrokeshire. 
Castell-craigAjwyddon ; LUndoveiy. 
May Hill ; Tortwortb. 
Malyem Hills. 
Castell-Hvaig^wyddon; Fen-y-lan; Pres* 

teign; May Hill; Tortworth; Norbory, 

&c. 
Bailth. 
Castdl-craig^^wyddon, S.E. of IJaa-* 

dovery. 
Pen-y-hm; Llandovery; Bniltfa; Pres- 

teign ; May Hill ; Church Stretton ; 

Maivems. 
Castell-craig-Gwyddon ; Abberley Hills } 

May Hill ; Norbniy. 
Pen-y-lan; Llandovery. 
May HiU; Tortworth; Norbmy; Mai- 
vems. 
Castell-craig-OwyddoB and Psn-y-lan; 

Llandovery ; May Hill. 
May Hill ; Maivems. 
Maivems. 

Castell-craig-Gwyddoo. 
Castell-craig-Gwyddon ; 

Chirbnry ; Tortwoi^ 

Church Stretton. 
Maivems. 

Do. 
Llandovery ; Wooltack ; Marloes Bay ; 

May HiU; Tortworth. 



Malvern. 

Worcester Beacon ; Maivems. 

Llangodock. 
Tortworth. 

Pen-y-lan; Bnilth; Llangadock; Csstell- 
ciaig-Gwyddon, 



Presteign ; WooUaek and Marioes Bay ; 

Malvern ; Tortwortb ; Norbory i 

Chmrch Stretton. 
Marloes Bay ; Wooltack ; Maivems ; 

Chirbnry ; Church Stretton. 



Pen-y-lan ; 
Maivems ; 
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Name. 



Loealittei in Wales and ShropehirB. 



CBUaTACXA. 

CdfymeM BbimeiAaehii, Anet - 



lUanua Barriensia, Miireh. 

/. TkoiMonij Salt . . • 

/. Bowmannif Salt. ... 

Enerinurua punctaiua, Tar. Arenaceui, 
Bnmn. 



Proetus htifraiu^ M'Coy 
P. Stokesiif March. • 

Pkaeopt Weaveri, Salt - 
P. DowningkB, March. • 
P. iaUfHeatMlnSf Angdin 
P. eaudaius, Briio. 
P. Stokeiii, Milne, Edw. 



AcidcupU Brightih Milne, Edw. - 
Cheimnu bimucronatuMf March. • 

PoLTzoA or Bbtosoa. 

Chraptdithua priodon, Bronn. 
Betiolitea venonts, Hall - 
FaiuteUa aubanHquOj D'Orb. 
P. aaaimUu, Lonsd. 
Pijflodiciya lancecXata, Lonsd. 
P. explanata^ WCoj 
P. aealpdlwn, Lonad. 

BnAomopoDA. 
Pentamerua Zeiu, Sow. • - - 

P. Uratua, Sow. - • . - 

P. oUongva, Sow. (indnding P. /irvif, 
Sow.) 

P. ^oboaua, Sow. ... 

P. tfiu/otiw, Sow. ... 

BhtfnchoneOa deampUcata^ Sow. • 

R, nuctday Sow. - 
jR. puailla. Sow, - 
i?. obtusiplicata. Hall 

it. «ftrco«toto, M'Coy 

i?. borealia, Schloth 

i?. navicvlci, Sow. 

B. Grayii^ Day. - 

il. (/ufyaiayDalm. 

(Aihyru) Meriata tumida, Palm. 

Zth^ib, sp. 

X. cmmeno, Phill. 

L,paraUela, FhllL 

X. 5ynian<2ftt, Salter 



Pen-y-lan; LlandoTery; Preateign ; Nor- 
bory ; Lonnnynd ; CSurhorj ; CSrazeh 
Stretton; MalTerns. 

Malyems ? 

Boilth ; Onny Riyer ; Preateign ; Pen« 
y-Ian. 

Llandovery; Chirbory? 

Llandegle ; Pen-y-lan ; S. of LlandoTcry ; 
Wooltack ; Chirbary ; Chareh StreU 
ton; Walnll; MalYems; Tortworth; 
May HUl, &c. 

Caatell-eraig-Gwyddon i Maly^ma. 

Korbory ; MalTerns ; Chirbary ; Uan- 
doyery; Wooltack. 

Presteign; Tortworth. 

Marloes Bay ; Korbary ; Bogmine. 

Presteign. 

Walsall. 

LUndoyerr; Wooltack ; Tortworth; Chir- 
bary; Korbary; Malyems; Walsall; 
Bogmine. 

Castell-craig-Gwyddon ; Llandovery. 

Castell-craig-Gwyddon ; Noibary. 



May Hill ; Tortworth. 

Pen-y-lan ; Llandoyeiy. 

May Hill. 

S.£. of Llandoyery. 

Chareh Stretton. 

Ankerdine Hill ; Llandovery. 

Malvems. 



Boilth; Llandoveiy; May Hill; Kor- 
bary; Chirbary^ 
Malvems ; May Hill ; K.E. of Chirbaiy. 
Boilth ; Pen-y-lan ; Landovety ; Ptes- 

teign ; Malvems ; Korbary ; Chareh 

Stretton; Chirbary. 
Llandeilo; Malvems. 
Boilth ; IJandovery ; Malvems ; Chareh 

Stretton. 
Presteign ; Malvems ; Minton $ Chir- 

.bory ; Korboiy; Chareh Stretton. 
Marloes Bay. 
Malvems. 
Presteign ; Llandovery ; May Hill ; 

Worcester Beacon ; Bogmine. 
Hontley HUl ; Walsall. 
Chirbary; Malvems. 
May Hill. 

GlanseviD, near Llandovery. 
Glansevin ; Llandovery. 
MayHilL 

Wooltack Park, Pembrokeshire. 
Malvems. 

Do. 
Pen-y-lan. 
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Name. 



Localitiei in Wales and Shropshire. 



Sinpkomemi dieprtua^ Palm. 



5. b^KuiUa^ Salter 

8. aremaeeoj Salt, MSS. 



8. smrnhnM, M*Coy 
8, pectem^ UajL - 

8. applaauUa^ Salt. 
8, antiqmata. Sow. 
8» cowipt€9ttif Sow. 

8. emgfyphOf Dalm. 
Oriku reversOf Salt 



a Cs%raaBwi, Dalm. (chiefly 
l>avid!fORi). 

O. eleganbda, Dafan. 



a bi/onUa, Schloth 

O. 6>b6a, Linn. - 

O.poreaia.M'Coj 

O. ioto. Sow. - 

O. fTMiiyfanj, Sow. 

Ziplcfia <raiuMr«aliff, Dalm. 



jL Groyit, Dayidaon 
X. jctMO, Salt, IfSS. - 
Z. oaciii^veeKwAito, MOo j 
X. tetvigaia, Sow. 
CAonelei Into, Y. Bnch. - 
Atrypa wtarginaUa, Dalm. 
^ retiadaritylamL 
A^ kemuphaarica^Bofw. - 



8pirifiT trapcKoidalUf Dalm. 

5. eleaotef, Dalm. 
5. pHcaieUuSy lann. 

Laxelluuluicbxata. 

Pternca retrqfiexa, Wahl. 
P. pkavdata, Conrad 
P. demitgg, Conrad 
CttModotUa ddtoidea, FhilL 
C SoMimorif Sow. 
C. fiji^ica^, FhilL 
a rkomboidea, FhilL - 
C. MubttqmalUt Sow. 
3Mhu w^ftUiiieris, Conrad 
modiolmU amtiquOf Sow. 
^InuKWfila cviuata, FhilL 
OrtkoKoU^ inonuUa, Fhill. 
O. au^fgdaUma, Sow. 



Bnilth ; Fen-y-lan ; Uandorery ; Ch]r> 

barr ; Noibnnr ; HalTema ; May 

HilL 
Woc^tack, Femhrokeahire. 
Fresteign ; May Hill ; lialTems ; Tort- 

woru ; Church Stretton, ftc. 
HalTems. 
S. of LUndorery ; Bnilth ; Choreh 

Stretton ; Bogmine ; May Hill. 
Bnilth ; Malvems. 
Llandorery ; Bogmine. 
Fresteign ; Marloes Bay ; Norbary ; 

Chirbnry; Tortworth; IblTems. 
Fen-y-lan, Llandorery. 
LUndorery ; lialTems ; Tortworth ; 

Chirbnry ; Norbury ; Bogmine. 
Fresteign ; LUndorery ; Bnilth ; Long* 

wynd ; Chirbnry ; May Hill ; Mai- 

Terns. 
LUndoTcry ; Fresteign ; Wooltaek; 

Chirbnry ; Bogmine ; Noibnry ; Mai* 

Terns ; May Hill ; Chnrch Stretton. 
Fresteign ; Bogmine. 
Mwmfte. 
LUndoTery. 
WooUack Faik. 

LUndoTcry; Castell-craig-<jwyddon. 
Bnilth ; K. of LUndoTery ; Pen-y-lan ; 

LUngadock ; MalTcms ; Longwynd ; 

Norbnry ; Chirbnry. 
LUngadock. 

Bnilth; Cefh-craig-Gwyddon. 
LUndoTery. 
DctU's Bridge. 
Wooltack ; Tortworth. 
LandoTcry ; Chirbnry. 
Mandwain; LUndoTery. 
Llandeilo ; Bnilth ; Uangadock $ Fres 

teign ; Castell-eraig-Gwyddon ; Mal< 

Tern ; May Hill ; Tortworth ; Long- 

wrnd; Church Stretton; Norbnry; 

Chirbnry. 
Tortworth ; Chirbnry ; MalTems ; 8JB. 

of LlandoTery ; Bnilth. 
Marloes Bay ; Tortworth ; MalTems. 
LUngadock ; May Hill ; Norbnry. 



Marloes Bay; Norbnry; Chirbnry. 
GlanscTln; Llandovery. 
MalTems. 

Do. 

Do. 

Do. 

Do. 

Do. 
May HilL 

Marloes Bay ; Church Stretton ? 
Marloes Bay. 

Do. 
Tortworth. 
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Name. 



Localities in Walet and Shxopahire. 



Gabtbbofoda, 

Natiea, «p. ." " ' 

AcrocuUa Baliotia, Sow. - 
Cychmema crebrUtria^ WQoj - 
Evomphalus JunatttSf Sow. 
E, 9culptus, Sow. 
E. pranuntiuSf PhilL 
Trochus muhtorquatust M<Coy - 
BoUmeUa canceUata, Sow. 
H, oo8okta, Sow. 
PteuroUmaria fianearina, PhilL 
P, gugosa, Phill. 

ilftf rcAtsonta wnplex, M*Ooy 
HapMstoma lentUndariay Sow. 
Macrocheihts Jun/ormis, Sow. - 
IVrAo (ntorgvatitf, M»Coy 

Hbtekopoda. 

^ilfervpAon 6t&>6afi», Sow. • 
B. dUatatw, Sow. 

P. expansus, Sow. 
5. trUo6ate«, Sow. 

Ptxbsfodju 

Cephalopoda* 

Orlhoceraa fibntm. Sow, 
O. tenuiffrtotum, Sow. - 
Tretocenu bigiphonatum. Sow. - 
Zituitea comu-arieiis, Sow, 



Norbnry ; Bogmine. 

Chirbmy ; Norbury ; Church Stretton. 

Presteign; Cefii-craig-Owyddon. 

Marloeii Bay ; May HiU. 

May HiU ; Tortworth. 

MayHilL 

Marloes Bay. 

Presteign; Chirbnry; Korbnryi Bogmine. 

Bogmine. 

Malyems. 

Pen-y-lan;Ca8teil-craig-Gwyddon| Nois 

bury. 
Bogmine ; Norbury. 

Marloes Bay; Korbory; Chnroh Stretton. 
Presteign. 
Pen-y-lan; Lhindorery; ChoFek Stretton. 



Malyems. 

Presteign ; Gorllwyn&di ; Church 

Stretton. 
Norbnry; Bogmine. 
Llangadock ; Marloes Bay ; Bogmine. 



Church Stretton. 



Do. 
Hayerfordwest 
Gorllwyn&ch. 
Presteign. 



List of Fobsilb from the Uppbr Llandovbby Rocks of the Bogminb 

neai Shelve. 

At the Bogmine, near Shelve in Shropshire, there is a small outlying patch 
of fossiliferous grit. It lies unconformably on the Llandeilo flags, and physi- 
cally may be considered an undoubted outlier of the Upper Uandovcry rocks 
that skirt the base of the Cambrian rocks of the Longmvnd and the adjacent 
Lower Silurian strata. The whole having been formed during a penod of 
submeiffence, the outlier may be of slightly later datethaa the Upper Uaudovwy 
rocks at the base of the hill, even though thev were onginallv contmuous. In 
that case the patch at tbe Bogmine during the later stage of the submergence 
of the Old Silurian and Cambrian land, was still a marginal deposit, while the 
continuation of the same formation, formed at an earlier period of the aub- 
mergence, was out at sea in deeper water. 

T^e following list of fossils beaw out this view. 



CaELENTSBJLTA. 

Omphyma turbinaium, M. Edw. 
Petrata bina, Lonsd. 
Favontes, 

Annelida. 

TattaeuiUea anglicus, Salt 
CortaiUUs aerpularius, Schloth. 



Cbxtstacea. 

Calymme brevicapitata. Port. 
lUctnuM Barriensis, Murch. 
ProetMM Stoke$u, Maroh. 
Phaccps Downian^^ Moreb. 
P. Stoktsii, M. £dw. 

FOLTMU. 

FenuUHa mbamtiqua. 



UPPER LLANDOYEBY BOCKS. 



363 



Briohiofoda. 

B. borealis, ScUoth. 
Sirophomena pecien^ Sow. 
S. antiquata, Sow. 
S, eotnqtressa, Sow. 
Orthis reversa, Salt 
O. testudinaria^ Dalm. 
O. degantuki, Dalm. 
O. hiforata, Schloth. 
O. radtams. Sow. 
Airypa casta^ Sow. 
Zipteiia IcBvi^eUa^ Sow. 

TiAinCT.T.TBR ANCHIATA. 

PCernea retniflexa^ WahU 
Cromophara cymhetformisy Sow. 
MgtiUM fmtiumeria, Conrad. 



Gabtbbopodjl 

Natiea^ tp, 

HoUmeUa eanceUatti, Sow. 
J7. o6«ofeta, Sow. 
Raphisioma lentkvlaris^ Sow. 
7\cr6o tritorgMOtus, M*Coj. 

Hbtebqpoda. 

BeSerophoH expannu, Sow. 

jB. trOokatHMt Sow. 
jB. cortBolitf. 
J7. dOalitf, Sow. 

Cephalopoda. 

LituUea eamu-arietU, Sow. 
OrlAoe«ra«. 
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Aber and Bethesda, iiu^ and fiinlts - 163 
— — — Dinlle &iilt^ Uanddeiniolen • 151 
— — Moel Wnion, fimlta and Lin- 

gala beds, &c. . « . 135 

Aberdaron - - - - 169 

Aberdovey and Towyn - - 79 

Afon (jeryst, valley of - - 32 

Afon-wen, talcoae rocks of, copper 

ore, gold - - - - 44 

Amlwcb, Metamorpbie rocks - 186 

Anglesey , Bodafon Monntain - 190 

— — Cambrian rocks - - 185 

— ^ carboniferous limestone, 176, 197, 

199 
Cannels point - 178, 184, 193 

■ Cemmaes and Llanbadrig, Si- 
lurian, &c. - - 185, 188 

..^_ Coal-measares • 200, 204 

I vertical section of - 202 

Dykes - - - 184 

— fiiolt on S.E. nde of Goal- 
measnres and Permian rocks - 204 

■ Foliated and Metamorpbie 
rocks - 176, 178 to 188, 190 

granite - - 190,191 

' Uanercbytnedd, Silurian 

rocks - - - - 193 

— — Llan&irygbomwy and Cbnrch 

Bayftults - - - 193 

— LlanfecbeU, Uanfairyghomwy 185 

■ ■ Liigwy Bay, section - 198 
— — — Metamorpbie and foliated 

rocks, Anglesey - • - 178 

Nortbeide - - - 184 

. Old Bed sandstone - 176, 197 

■ Paris Mountain - - 195 

Fentraetk to Plas-gwyn, sec- 



tion of Carboniferous, Silurian, and 
Metamorpbie rocks 
■ Permian rocks 

section across Coal-measures, 



192 
204 



&c. 



- 201 



Silurian and Cambrian, sum- 
mary and comparison with rocks 
of Caernarvonshire and Merioneth- 
shire - - - - 195 
■ Silurian rocks and cleavage, 
east coast ... 194 

Silurian rocks, middle of 

island, &c. - - 189,192 

——Silurian strata, Llanwenllwyfo 191 
Beaumaris and Bed 

- 192 

- 192 

- 174 



Wharf Bay 



fossils - 



in 



Anglesey and Holyhead 
Anticlinal curves, chief bends, 

Wales and its neighbourhood 
Anms, range of, Merionethshire ^ 38, 38 
Aran Mowddwy, porphyry of, ftc 28, 36 



- 236 



Aran, Snowdon, section across - IS9 
Arenigs and neighbouring rocks, 88, 48-51 
Arenig Bach, (Sder Berwyn, Craig- 

y-glyn, section - - - 214 

Aiemg Bach and Carreg Henlle, sec- 
tion across - - - 74 
Arenig and Moel-Uyfii-nant, section 

across - - - - 49 

Ash, Mr., fossils near Tremadoc - 68, 69 
Ashbeds of the Arans - - 33 

N.£.ofBaIa - 89,90,92 

- near Gam Biys - 93 

- below Bala limestone, '81, 83, 

84 

Berwyn area - - 220 

Ashes of Arenigs, and near Cerig- 

y-Bala and Tai-birion - 38, 48, 50 
Ashes and lavas of the age of the 

Bala beds - - - 10 

Llandeilo beds - 10 

Ashes, Mod Hebog - - 118 

— — between Biver Machno and 



Uyn-y-Morwynion, Ffestiniog - 
thinning out ot, near Llan- 



fW>then - 

between T-Ddnallt and Bho- 



bell-fawr - - - 

Ashy beds, Penr*-Arddn, Vale of 

Conwy, and Bala limestone 
Aveline, his classification of the Ta- 

rannon shales ... 

■ Upper Llandovery op Penta- 
memsbeds 

■ Lower Llandovenr beds 
fossils of Dinas Head, Pem- 



53 



65 



40 



- 106 



brokesihire 

' on ashes of Arenigs - 



4 
5 

7 
50 



B. 



Bala beds below the limestone - 83, 84 

— from Bala to Penmachno - 86 

■ near Bala, section - - 37 
and thickness of - 6, 11, 80, 86 

— Blaen-y-pennant - - 81 
Bala fiiult - 26, B5, 36, 38, 41 
Bala limestone, Bala and the Ber- 

wyns, section and fossils of - 214, 215 
Bala limestone ... 80-82 

AberCowarch - - 81 

limestone, Bhiwlas, &e. - 88 

Moel Emoel, ftc - - 89 

^^-^ phosphate of lime -> - 81 

■ Conway ... 107 
— — — Cader Dinmael, &c.« - 91 
.-^— Craig-yr-ogof - * - 81 
— ^^- Moel Migmau, fte. - « 82 

Murddyn-marad - • 83 
fossils - - •85 
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Bab limgttone, Pcn-y-bryOf Cwm 

Diaewidy&c - - - 81 

■ Bhiwlii, and foirila of - 87,88 

— BiTcr GonvBj, near Yapjttj 
Bran - - • - 93 

— ha eqniralentB in Caeniar- 
▼onahire - - - . 108 

Bala ibaaila north ofTremadoc - 69 

Bangor and Gbernairon - 161 

Baidaeyldand • - - 169 

Beddg<dert and Cwm-y-Uan fiiiilt - 120 

BenrynHiJia - - - 212 

—^-* Bala limestone - - 218 

Cader Benryn, &0. - - 216 

— ^^— Ciaig-ven, Fen-y-biynlan, 

and ash .... 220 
' Igneooa rocks of, &c. - 216 to 221 
Uandrillo and Uanrhaiadr- 

yn-Moehnant ... 214 

MjUtyrGemg - - 213 

Pis^U Bhaiadr, &c - 217 

■ thickneis of rodu and firalta 217 
I gommaiy of - « 221 

Betheada, Cambrian grita, ftc. - 157 

BeCtwf Gannon, Oaeniarrocahire - 143 

Beltwa-gwerAil-goch - - 91 

Black ihalea, Caernarvon and Bangor 1 64 

Bowman, Mr., Bala beds - - 5 

Braicb-dn, Nant Francon, porphyries 1 24 
Breaks in snceession - 1 and 2, 284 

Breidden Hills - - - 236 
Bronllwyd, Nant Francon, Cambrian 

grits, &c - - - 133, 155 

Bwleh-hela, Bethesda, Cochwillan 

section .... 158 

Bwlch-Careg-y-firan • - - 56 

Byers, Mr^ on gold-bearing lode • 45 



OaderBenllyn - - - 92 

Gader Dmmael - - 90, 91 
Cader Idris, greenstones and iigected 

porphyries - -24, 27, 28, 29 

Caemanron and Bangor - - 161 

Cambrian rocks - - - 7 

anticlinal axis, Merioneth- 



shire, escarpments, &ults, slates, 
thickness, &c. 

alteration of, Llyn Padan, 



18 



Llanberis,aadsoccesBionofbeds 140-142 
Anglesey, Bangor and Llan> 



beris, IJeyn, Hariech and Bar- 

moolh, St David's, the Longmynd 8-11 

Trawsfynydd - - 59 

— ^— Caernarvonshire - - 139 

Glynllyfon Park - - 165 

junction with Silurian strata, 

Aber-rhamSroch, Barmonth, &c. - 18 

near Llanbabo, Llanb^is - 153 

^-^Merionethshire - - 17 

-^-^ near Dolgelli - - 17 

Metamorphic, Caernarvon 

and Bangor, Selwyn - - 165 
— ^— be^een Nant Francon and 

Bangor .... 155 



Cambrian rocks, purple alate, liwyd- 

ooed, near liaallynii - - 138 

— — Rivers Grain and Prysor - 59 
•—*--« sommary ... 229 
Cambrian and Silurian rocks, Angle- 
sey - - - 175,177 
Capel Corig and Gallt^y-gogo, sec* 
tion .... 104 

■ moontains north o^ Bala 
beds and lakes - - 101, 109 

Caxadoc or Bala beds, Bala - - 11 

Caradoc or Bala beds south of Cader 

Idris - - - - 78 

Caradoc sandstone - - - 5 

and Bala beds, equivalent - 6 

' Caer Caradoc, Wrekin, &a - 11 

Cartwniferous limestone, Conway - 222 

rocks - - - 13 

Anglesey - 176,197 

Menai Straits - - 162 

Careg-Adeiyn, Wenallt, and Pen- 

maen, Bala and Dolffdly road 36-M 
Careg-dn, 3 miles north of Ffestiniog 

fimlt, &c - - - - 66 

Caregog lode and fault - 52, 56 

Careg-Uysog and Y-Ddnallt 38, 39 

Camedd I^fydd, porphyry, green- 
stone, Bala beds - - 103, 128, 134 
— — Nant Francon, Snowdon, &c., 

a great trough ... 109 
Camedd Llewelyn - 193, 105, 126, 127 
Camedd-filiast, Nant Francon - 133 

Camedd Llewelyn, Yr-£len, Biver 

Coninr, section across - - 106 

Carr^ Henlle and Arenig-bach, sec- 
tion across - - - 74 
Carreg-llysog, section from the 

Mawddach across Rhobell-fawr - 42 
Castell, between Modwyn and Nant 

Gwynant- - - - 96 

Castle Deudraeth - - - 63 

Castell and Yr^Arddo, slatea west of, 

andfiiults - - - 119 

Ccfid-glaa, Llandeilo beds - - 39 

Cefh-llwyn-v-bugail, &ult - - 50 

Cefiu-y-O^iel, near Ospel Curig • 103 
Cemmaes, Llanbadrig, Ogo-gyfirr, 

&c., section ... is9 

Cerrig-y-lladron, ashes of - - 57 

Cerrig-Cochion and Cribiau, 110,111, 125 
Cefrig-y-Druidion, Denbighshire 

sandstones near - - 91, 92 

Church Stretton, Longmynd, and 

Caradoc rocks - - - 11 

Cleavage and contortion of strata, 234, 235 

Llyn Padam, section - 145 

Clqi^r, Moel-gronw, Llanberis, section 141 
Clement, Mr., assays for gold - 46 

Clogau and Vigra gold mines - 47 



Clogwyn-yr-Eglwys, near 

Llandeilo beds - - •39 

Clogwyn Manod, Capel Curig - 103 
I awyd,Valeof - - - 13 

ClwvdBiver, Denbighahire sandstones 9 1 
Cochwillan, Coetmor, Bediesda, 

Bwlch-hela, Ogwen Valley - 157, 158 
CokmringofUienuqis - - 7 
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Coltami aft SilniiiA itftta « ^ 

Conwy Biyer, Yale ^ rocks, actr, 

&c. • » - 61» 106, 107 

Omwy River, between Yspytty 

Evan and Penmachno, Bala Ibne- 

atone, traps, and ashea - 99, 94 

Conway, Tannnon shale, and genend 

range of - - - - 808 

Corvfl slate - - - - 79 

Craig^du, near Arenig - - 60 

Ciuig-y-llam, Cader Idrls, leetlon - 91 
Camedd Iigo, fossils of •> 66, 66, 75 
Craig Rhiwarth - - - 818 

Oraig-y-Benglog, Merionethshire 88, 40 
Craig-Y-gorUwyn, Llanrhaiadr>yn- 

Mocnnant - - - 219 

Craig-y-glyn, fossils and limestone, S16» 910 
'■ Cader Berwyn, CefnperMd, 

Bala and Arenig, section - S14 

CrBig-yr-hysfii, NantFranooo - 103 

Cwm Eisen, gold * • - 46 

Cwm Orthin, Ffestiniog date quar* 

ries - - - - 67 

Craig-y-Penmaen, Cambrian grits - 59 
Cribiau, Llyniau-Duwannedd, alterar 

tion of rocks ... 119 
Cwm-Dwyfor desTSge - - 186 

Cwm-gaseg, Yr-Elen * « 134 

Cwm-llaftr greenstone, ftc - 1S7, 134 
Cwm Orthin felspathic trap, section, 96, 96 
Cwm-Tiyfan, Nant Franoon - 103 

Cwm-graianog, Bronllwyd, Penthyn 

slate quarries, Uyn Cororion, see^ 

tion - - - 166,167 

Cynicht and Moelwyn, slates and 

fosdlB of^ Selwyn - - 95 

Cwm PenamnentoTremadoc, grteen- 

Btones - - * * 96 

Cyfrwy, Cadar Idris - - 27 

Cymia - - - - 818 

Cym-y-Brain - • ^ %\\ 

D. 

Darwin, foliation «• ^ •188 

Davis, Mr. B., Lingula flags md 

Lingnia Davisil • • > 7, 81 

Dduallt and Careg^Uysog - 88, 89, 42 
De la Beche, Sir H. T., discovery of 

graptolites near Car^gan « 7 
supposed Cambrian rocks of 

South Wales of Silurian ase, &c. 7 
on rocks oi Penrayn-du, 
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passage into shale 
near Bala 

south of the Berwyns - 
fossils- 
sandstones, &ulted near Pen- 



tre Voelas, &c., unconfonnity of, 

on Bala beds • - - 93 

...... near Llandderfel - 89 

■ east and north of Bala 90, 91, 92 

Upper Silurian rocks - 822 

■ dnunage . • - 226 



Denbighshire ibaOa • - Mt 
Denudation . « « i86 
Diganwy, fossils, ape. - - 107 
Dinas, near Llanfhir4Muui - 107 
Dinas Mowddwy, &nlt, section north- 
west of ... 88,85 
andMoelBenddu,fo8si]iOf 80 



Dinorwie qnanies, "bios slate^" 

Llanberis • - 148, 146 

Disturbance and denudation - 889 

Dolbenmaen and Trenadoc, TJngwU 

beds - - - - 186 

Dolgelli, Cambrian rocks near -^ 17 
— - Lingula flags near - 20 

—— igneous rodES near - 81,84 

&nlts near - 87, 41 

greenstones 



Dolmelynllynj Junction of Lfngnla 

and Cambrian beds - - 22 

Dolwyddeh&n, and foisilf - 97, 99 

Dolwydddan and Mod Siabod^sec* 

tion across . - • 100 

■ and Snowdon, and ieetion 

across - - 110,111,119 

Dolwyddelan to Pen-uchaf-y-gwarth, 

west of Uanrwst, section * 108 

Dol-y-ftwynog, gold • •45 

DrwB-y-mnt-isaf - - - 88 

Drysffol, ftc., west of Bala and Dol- 

gela road - - -89 

Diysgol-fiiwr, Cambrian slate and grit, 

near Llanberis section, • 154, 155 
Dykes of Lingula flags, &c - •69 



E. 

Elidyr-&ch, Moel Bhiwen, Llanberis, 
Cambrian slates, &c., section - 152 

Elidyr-iawT and Elidyr-&ch, Llan- 
beris, Cambrian and Lingula 
grits - - - - 183 

— ^^ slate quarries, Llandddniolen, 
section ... 149, I6I 

laiis, Oriflitfa, Cambrian rocks, Llan- 
beris . . 1. . 147 

* cleaved slate in gree nsto ne - 285 



F. 

FWat, Aber and DInlle, 157, 159, 161, 

162, 164 
— ~ Bethesda, down the Ogwen 

Valley - * - - 157 
Bryn Efidl to Aber River - 157 

■ from Cwm-y-glo, near lian- 
beris, to St. Ann's <£apel, Aber - 1 53 

Faults, near Caenirvon, Bangor, and 

Aber - - - - 168 

near Dolgelli - 27, 41 

' north and east of Ffestiniog - 52 

— ^ Nant Gwynant - - 115 

■ near Llyn-y-Ddinas and Yr- 
Aran, Snowdon - - - 119 

■ on and near Snowdon - 128 
*■■ between Yale of Conwy and 

Cardigan Bay - - •107 
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Felspatliic tnipe and ashes of the 
Manods and Moriwyn, and of 
Bnowdcm, of different ages, seelion 



porphyries, ashes, &c., Cader 

Idris and neighboorhood - • 

■ in^ liyn-craigeBen, D<dgelli 
— ^— between Fenmachnoand 
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25 



Dolwyddelan 

;, fiialtsnear 
l^gnlabeds 
Syenite of - 
and Trawsfynydd ftnh 
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52,56 

• 69 

- 52 
.66 

Ifynnon Eiddew lode' and fimlt, fiye 
miles east of Ffestiniog - 52, 56 

Llngwy - - - lOS 

Ffbrdd-ddo, Oapel Arthog - - 26 

Foel-ddn, west of Bala and DolgeUl 
road - * - - 

Fossils, Tiemadoc, Uandeilo and 
BUa beds, Merionethshire 

of Silnrian locks, Ueyn, Caer- 



38 
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narrondiire ... 172 

by Llyn Idwal, Twll-du, 

- 126 



Llyn Ogwen, &c. 

Fridd-pen-y-fedw, near Ffestiniog, 

section across • • • 
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Gallt-fffnnon-yr-hydd, near Oapel 
Arthog, section across - - 27 

Gallt-y-gogo, near Oapel Onrig, 
flection - - 102,104,125 

Qam, EUdyr-firar, Llanddemwien 
section - - - - 149 

Gam Brys, near Pentre Yoelas - 92 

I ash beds near - - 93 

- 53 
31,32 



Gamedd, near Ffestiniog 
6en>graig, Cader Idiis, section 
Glyder-£Bu;h, pd^phyry 
Glyder-fewr, porphynes 
greenstone - 



103, 104, 126 

125, 126 

. 127 



Gold - . - 44-47 

Greenstones, the Arans - - 34 

^^— — Craig-T-Benglog, &c. 
Greenstone dykes in Cambrian rocks 

^-^— in Lingnla beds 

».— east and south-east of Ffes^ 
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40 
19 
23 

60 
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north of Moel-wyn - 

south of riyer Mawddach 24, 25 

slaty fragments included in - 97 
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ISmant limestone - - - 

_ .'_ fossils of - - 

..^— to Llangynnog Valley, see- 

tian . - - - 

— - Moel-ddu, Fenmaen, section 
Holyhead Island, Cambrian rocks - 
. Melsmoiphism and fo- 



liation 



. South Stack - 

■ quarts rock 

Holyhead Mountain, sectioii 
——dykes • * 
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Homfray, Mr., foMilsiiear Tremadoo 88, 69 

Hymenoearis Tennieavda • - 91 
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Igneous bosses in Tingnla beds - 23 

Igneous rocks ... 235 

■ Cader Idris, Aran Mowddwy, 

Arenig, Moelwyn, &c, - - 21 

— ^-— a LlandeUo flaur age • 22 

■ of the Lingula nags - - 21 
of Lleyn, Caemanronshire, 

from the Riyals to Bardsey Sound 173 

^— Merionethshire - - 20 
IntrosiTe masses, between the Binds 

and Aber ... 133 

■ rocks, Caemaryonshire - 138 
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lasper in metamorphic Cambrian 
rocks, Ueyn ... 170 

Jukes, his classification of the Taran- 
non shales - - -4 

^— — on the Berwyn Hills - 212 

■ and Selwyn, ashes of Dol- 
wyddelan . - - 99 

— on the Bala beds - 80-85 

— — on the Tsrannon shale, Den- 
bighshire sandstone, &c. - 88*94 
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LsTas and ashes of Arans, &c., un- 
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Ffranoon- . - • loi 

Lingula Davisii, River Mawddach - 21 
« fisgs, Fembrokeshire 11, 14 

■ ■ western boondary o^ 

near Criccieth - - •171 

of the Mawddach 20,26 

-' between BhobeU-fiiwr 

and Traeth-bach - - 58, 59 

■ 1 - - 7, 20, 134 

•-^— igneous rocks in - 21 

■■ ->— — £e., west of Ffestiniog 61 
* summary - • 829 



and Llandeilo flags, Long- 
mynd and ShelYo, fto. 

flags, the Arans, Merionetfa- 
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shire - * • - 34 

Uanbedr fault ... 137 
Llanberis, Crib-goeh, Llyn Llydaw, 

and Lljm Gwynant, section 113, 114 
•*— ^ and NantFranoon, Cambrian 

rocks - - - - 140 

■ Pass of, section orer Orib- 
goch to Llyn Gwynant - • 113 

PSss, porphyries - - 124 

BalaandLingulabeds 182, 134 

_.. ...... Cambrian beds • 133 

■ Clegyr - - 151 

i ■' ^-^ Dinas-mawr and Di- 

norwig, Cambrian conglomerate - 151 
— ^— —^ Elidyr-fewr, and Un- 

gnla beds • - 134, 135 

■ ■ GlynslaleqnaRies,Llyn 

Padam - - - - 150 
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iilanberis PaM* Llyn Peris - -134 
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Llechog, porphynes - 125, 126 

— porphyries, Ac, of Me- 
rionethshire unrepresented in - 133 

— — ^ slate quarries, Llyn 
Peris, section - - - 150 

■ — — - Y-Tryfan slate quarry, 
fkult, &c. - - - - 184 

slate quarries, Elidyr-&%r, 

ftc, section - - 148, 149 

Llanbrynmair, Montgomeryshire, 

section near ... 206 

Llandrillo, Bala limestone, &c. - 220 
Llandderfel fault - - 89,90 

Llandeilo beds, Cader Idris, Moelwyn, 

&a - - - 14,32 

and Bala beds, summary • 230 

. beds, fossils, &c. • - 215 

■ — ^ Lower, Salter, Penmor&, 
Tremadoc - - -69 

^ Pembrokeshire, Builth, 

Yale of Teifi, Shelve - 11,14 

LlandoTery or Pentamerus beds, Me- 
lin-Newydd, Caermarthenshire - 8 
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South Wales - 11,12, 205.207 

— summary - • 230 
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high and lower formations - 231 

" Lower, and Tarannon 
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__ near Rhayader and 
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Radnorshire, Shropshire, &c 
__. _ Upper, Longmynd and 
Shropshire • - 11,12 

■ unconformity, classifica- 
tion of, &c. - - 4, 5, 15 

Llandeilo flags - - - 6 

■ — Bangor and Caernarvon, 
fossils • - - - 161 
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beds - - - - 15 

— Rhobell-fewr - - 40 
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stone south of, ... 220 
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Llanuwchllyn • - - 88 

Llechwedd-Ilyfii, near Arenig 50, 51 

Lleyn, rocks of - - 166, 171 

Llwyd-coed-uchaC Canidoc fossils - 8 
Uwyd-mawr, Cwni-Dwyfor, Moel 

Hebog, section ... 137 
Llwyd-mawr Mountain, Caemamm- 

shire - - 133, 136, 171 

Lliw River - - - - ^» 

Llyn Bodilwyd, porphyries - - 185 

^lyn-bywydd, date quarries, Manod, 
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and section across - 54, 57 
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rocks by neighbouring lakes - 104 
Llyn Cyri, Cader Idris, fdspatfaic 

porphyry - - - - 27 
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■ and Manod-nuiwr - 52 

Llyn Cwellyn, south of - - 135 
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Llyn Cynwch - - - 43 
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Manod-mawr and Manod-bach, por. 
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Map between Aber and Betheada, 

ftnlts - - - 163 

Marchlyn-bach, between Uanberis 

and Bethesda, slate near, ftc. 152, 153 
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Moel Famman, River Aljn, Vale of 

Clwyd, section - - - 224 
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section- ... i36, 137 
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&c^ section ... 152 
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across .... loo 
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29,30 
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INDEX TO APPENDIX. 



The Index to the Appendix has been compiled hj Mr, Ethendge, and 
care has been taken to give reference to every locality and genus, and to 
authors mentioned in the text, so as to render this Index as valuable as 
possible so far as the organic remains and their geographical distribution 
is concerned. A List of the Contents of the Plates is also given, it being 
in this form easier for reference than if embodied in the General Index. 



Aber-ia, pp. 251, 252. 
Abereiddy Bay, p. 327. 
Aber Himant, pp. 267, 268, 270. 
Aoetabnlaria, pp. 242, 281. 
Acidaspis, p. 263. 
Acrocuiia, p. 278. 
Actinoeriniu, p, 277. 

iEglina, pp. 252, 256, 258, 2.59, 317 ; T. 12, 
Rgg. 11, 12; T. 11 B, Fig. 3. 818; 
T. 11 A, Fig. 10,821. 
Agelacrinites, pp. 285, 290, 291 ; T. 20, 

Fig. 13. 
Agnostiw, pp. 245, 247, 24P, -50, 253, 
2i54, 255, 256, 263, 273, 296, 297, 298, 
299 ; T. 11a, Fig. 7 ; woodcut 7, 301. 
AgnostidfB, p. 296. 
Aynhire, pp. 263, 298. 
Alcyonaria, p. 243. 
Alcjonarian polypes, pp. 328, 332. 
Algse, p. 281. 
Almaden, p. 29 1. 
A]lt'goch,p.261. 
Allt-yr- Anker, p. 267. 
Alum slates, pp. 246, 249, 250. 
Altt-y-gader, p. 270. 
Ambonychia, pp. 274, 279, 343. 
Amoiphocoa, pp. 260, 282. 
Ampyx, pp. 252, 253, 255, 258, 259, 263, 
273, 296, 297, 318,320 ; PL 23, Fig. 6, 
and woodcut, Fig. 9,321 ; PI. 8, Fig. 5. 
Anatinidas, p. 346. 
Andramm, p. 301. 
Angelina, pp. 252, 253, 254, 255, 305, 308; 

T. 7, Figs. 1-5 ; 313. 
Angelin, p. 301, 302, 333, 358. 
Ajiglesea, p. 258. 
Annelida, p. 291. 

Annelide burrows, &c., p. 243 ; Fig. 2 ; 
pp. 249, 253, 261, 277, 292 ; T. 3, Fig. 4; 
T. 4, Fig. 13. 
Apiocystitei, p. 285. 
Area, pp. 344, 345. 
Arenicols, p. 242. 

iUenicolites, pp. 243, 244, 292 ; T. 12, 
Fig. 27. 



Arenig, pp. 252, 253, 267, 258, 282, 326. 

Arionellus, j^ 305, 309. 

Arthraster, p. 273. 

Arthrorhachis, p. 298. 

Asapbids, p. 310. 

Asaphus, pp. 252, 253, 254, 255, 258, 259, 

263, 273, 310 ; T. 8, Rg. 15 ; T. 12, 

Fig. 4 ; 315; 311; T. 8, Figs. 11-14; 

T. 23, Fig. 7; 312; T. 15; T. 13, 

Figs. 1-5. 
Ash, Wm., pp. 245, 255, 294, 309, 310, 

311, 315, 316, 323. 
Asteriadffi, p. 289. 
Asterias, pp. 285, 289. 
Asteroidea, p. 262. 
Asteriscus, p. 289. 
Astyiospongia, p. 282. 
Atractopyge, p. 324. 
Atrypw pp. 266, 276, 277, 279, 339. 
Austin, MiBJor, p. 259. 
Aulopora, p. 261. 

B. 

BcBCk, pp. 328, 332. 

Bala, pp. 285, 286, 287, 288, 298, 321, 
323, 324, 326, 328, 343, 345, 346, 348, 

357, 358. 
. limestone, pp. 273, 274, 285, 286, 

288, 357. 

lake, pp. 260, 261, 262, 263, 264, 



265, 266, 267, 268, 269, 270, 271, 284. 
rocks, pp. 259, 275. 



Bangor, pp. 244, 245, 246, 280, 292, 350. 
Barrande, pp. 245, 298, 805, 354, 858. 
Barrandia, p. 313. 
Basilicus, pp. 311,312. 

Bathyurus, p. 310. 
Beddgelert, p. 349. 
Belleropbon, pp. 252, 263, 254> 255, 256, 

259, 271, 272, 277, 278, 280, 814,349 ; 

woodcut, Fig. 15; PI. 10, Figs. 6, 8; 

350;PLl0,Figs.9,10;Pl. llB,Flg.2; 

woodcut, Fig. 16* 
Berenicea, pp. 266, 279. 
Berkeley, p. 281. 
Berwyns, pp. 277, 284. 
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Beflstotp, p. 298« 

Bettws-y-eoed, pp. 861, 262, 264, 265, 

267, 268, 269, 270, 271, 272, 849. 
Beyricliia, pp. 256, 265, 273, 276, 277, 

279, 295 ; T. 19, Ffg. 9. 
Bfllings, pp. 283, 284, 285, 288, 290, 291, 

303, 304, 305, 816, 338, 341, 342. 
BiloMtM, p. 291. 
Bird's Hill, p. 353. 
Btthynia, p. 347. 
Blaeii-j-einii, p. 288. 
BodoAD, pp. 267, 268, 269. 
B^g Mine, p. 316 ; fiMsils of, p. 362. 
B<£emia, p. 249. 
Bone, Mr. C, p, 335. 
Borth, pp. 247, 248, 260, 302, 316. 
Bortliwen, pp. 246, 247. 
Borthwood, pp. 251, 252, 253, 316. 
BrBcluopoda, pp. 266, 333. 
Bny Head (Ireland), i^. 244, 282. 
Bron Foel, p. 333. 
Brynbedwog, p. 269. 
Brynkir, p. 251. 
Bryoioa, pp. 328, 332. 
Biilimna, p. 347. 
Bnilth, pp. 297, 327. 
Bnak, Mr., p. 281. 
Bmdngton, p. 275. 

c. 

Older Dinmad, p, 269. 

Cader Idris, p. 252. 

Cae Ednyfydd, p. 253. 

Cae-glyd, pp. 319, 337. 

Cae-lago, p. 253. 

Callow Hill, p. 244. 

Calymene, pp. 252, 255, 256, 257, 258, 259, 

263, 273, 276, 277, 309, 324, 325, PL 12, 

Fig. 3 ; 326, PL 17, Figs. 1-7, 9, 13, 14 ; 

327, FL 17, Figs. 15,20. 
GalymenidBB, p. 299. 
Cambrian Annelides, p. 244. 

pp. 242, 243, 280. 

Cmstaoea, p. 244. 

Fossils, p. 244. 

Plants, p. 244. 

Canada, pp. 274, 316. 
Canadian Decades, p. 290. 

Surrey, p. 283. 

Capel Gannon, pp. 263, 264. 

Candoc, pp. 285, 286, 287, 288, 289, 298, 

299, 317, 323, 324, 336, 337, 343, 344, 

346, 354, 357, 358. 

limestone, pp. 282, 285, 321, 323. 

rocks, pp. 299, 273, 282, 284, 285, 

286, 287, 288, 289, 290, 291, 295, 312, 

320, 326, 327, 328, 336, 339, 340, 342, 

345, 347, 348, 349, 350, 353. 
Cardiola, pp. 277, 278, 279, 280. 
Canedd Dafydd, pp. 260, 261, 263, 264, 

265, 266, 267, 268, 269, 270, 271. 

Ffiliast, pp. 245, 246, 247, 292. 

Carreg-wen, pp. 249, 250, 296, 301, 302. 

Cairick (Irdand), p. 244. 

Caiyocrinns, 285. 

Caryocystitea, pp. 285, 287. 

Castle Deadraeth, pp. 251, 252, 315. 



Cefn, p. 276. 

Cefh-ey&medd, pp. 250, 251. 
Cefh Uwydlo, p. 337. 

Omgos, p. 276. 

Owynlle^ pp. 318, 319, 331, 338, 

345, 356. 
Centrotheca, pp. 252, 253, 353, PL 10, 

Fig. 25. 
Cen^xiplenra, pp. 249, 303, 304. 
Cephalopoda, pp. 272, 274, 356. 
Ceratiocaris, pp. 244, 253, 265, 294 ; 

woodcat 5, p. 294 ; 295, woodcut, Fig. 6. 
Cerrig-coedo^, p. 266. 
Cerrig-juDrmdion, pp. 260, 261, 262, 263, 

264, 265, 266, 267, 268, 269, 270, 271 » 

272, 290. 
Chair of Eildare, pp. 298, 323, 357. 
Chsetetes, p. 261. 
Cbeiroras, p. 323, PL 18, Figs. 1, 2, 3, 4- 

6, 7 ; pp. 252, 253, 254, 256, 263, 273, 

322, PI. 8, Figs. 1-3 ; 323, woodcat 10. 
Cheimrids, p. 321. 
Chirk, p. 266. 

Chrondrites, p. 243, Fig. I, 292, 293. 
Chonetes, pp. 277, 279. 
Clarbeston, p. 330. 
Cleidotheca, p. 351. 
Clidophoms, p. 278. 
Clinton group, p. 291. 
Coal-measores, p. 295. 
Coelenterata, pp. 260, 282. 
Ccelocrinns, p. 283. 
Coleoprion, p. 355. 
Coniston, p. 288. 
— limestone, p. 357. 
Conocepbalas, pp. 245, 249, 305. 
Conocephalidse, p. 305. 
Conoeoryphe, pp. 249, 250, 252, 253, 254, 

255, 305, T. 4, Figs. 5, 6, 7 ; T. 7, 

Fig. 7, 306 ; T. 5, Figs. 13, 14, 15, 16, 

17 ; p. 307, T. 8, Fig. 7 ; T. 6, Figs. 

1, 2, 3, 308 ; T. 6, Fig. 13, T. 8, Figs. 

6,309. 
Conrad, pp. 327, 341. 
Connlaria, pp. 252, 253, 255, 256, 351, 

354, woodcat, Fig. 19 ; PL 10, Figs. 

11-13; PL UA, fig. 12; PL llo, 

Fig. 11. 
Corda, p. 305. 

ComnUtes, pp. 261, 277, 279. 
Conway, pp. 259, 260, 265, 345. 

fidls, pp. 265, 268. 

Corwen, pp. 260, 261, 263, 264, 265, 266, 

267, 268, 269. 
Craig-ddn, p. 250. 
Craig-y-beri, p. 312. 
Craig-y-glyn, p. 312. 
Crania, p. 266. 
Cressage, p. 298. 

Criedeth, pp. 245, 246, 249, 250, 340, 354. 
Cricor Mawr, pp. 266, 267. 
Ciinoidea, p. 262. 
Crostacea, p. 263, 293. 
Croziana, pp. 245, 246, 248, 291, T. 3, 

Figs. 1-3, 292. 
Cryptocrinites, p. 285. 
Cryptonymns, pp. 310, 324. 
Ctenooephelos, p. 305. 
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GnptolithinA, p. 38). 

Graptotithus, pp. 265, 277. 

GnptoUtes, pp. 255, 256, 258, 260, 272, 

276, 277, 279, 328,829 j PL llo, Fig.2, 

335. 
Graptopon, pp. 328, 881, 332, 333. 
GuiMeld, pp. 262, 275, 284. 
Gwern-y-barcod, p. 294. 



H. 

Hall, pp. 284, 328, 333, 341, 354. 

Halycites, pp. 261, 276. 

Harpides, p. 305. 

Harpefl, p. 265. 

Haughtonia, p. 244. 

Haverfordwest, pp. 273, 287, 288, 297, 298, 

324, 330, 337, 339. 
HeUoUtes, pp. 261, 276, 279. 
Helminthites, pp. 246, 248. 
HelnuDtholithes, p. 256. 
Hemicystites, p. 290. 
Hemicosmltes, pp. 262, 273, 885, 268; 

T. 20, Figs. 11, 12. 
Hengwrt-nchaC pp. 256, 314. 
Hendre-ddo, p. 251. 
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Heteropoda, pp. 271, 274, 349, 351. 
Himant ridge, p. 268. 
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cut. Fig. 14, Nos. 1, 2, 3, 4, 6 ; 348. 
Holopella, pp. 271, 274, 278, 280. 
Homalonotus, pp. 255, 264, 277, 325, 327, 

PI. 16, Figs. 1-8 ; 328, T. 11a, Fig. 8, 

PL 16, Figs. 9-11. 
Homfray, Mr., pp. 245, 255, 309, 311, 315, 

316, 323, 356. 
Hope, Bowdler, p. 349. 
Horderly, pp. 270, 344, 345, 353. 
Hunt, Stemr, p. 274. 
Huxley, Prof., pp. 284, 328, 332. 
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Hydroid Polypes, p. 281. 
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T. 2, Figs. 1-4 ; T. 5, Fig. 25 ; T. 1, 

296. 
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I80telns,pp. 310,311. 
Isoarea, p. 345. 
Itehadittt, pp. 258, 259, 882; woodcut, 
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Key's End Hill (lialvem), p. 383. 
Keyicrling, p. 333. 
Kinnahan, Dr., pp. 244, 281. 
Kyerul^ p. 332. 



Lamellibranchiata, pp. 270, 274, 341, 344, 

346. 
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Leptena, pp. 259, 266, 273, 274, 876, 277, 

279. 
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Lichad», p. 324. 
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Lightbody, Mr., pp. 257, 320, 348. 
Lingula, pp. 258, 267, 274, 314, 334. 
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cut. Fig. 3. 
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